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ABSTRACT 
Aquaculture education is a newly bom subject area and is 
considered as a part of agricultural education curriculum in 
high schools. It has made a positive difference in enrollment 
and resources available to high school agricultural education 
program. 
This study primarily concerns the adoption of innovative 
aquaculture education technologies and services by high school 
teachers in the north central region of the United States. It 
examines different factors that affect adoption of aquaculture 
education technological innovations by high schools in the 
north central region of the United States. 
Data were collected in Fall, 1995 and Spring, 1995. Mail 
questionnaires were sent to all teachers thought to teach 
aquaculture (N=450) . A follow-up questionnaire was sent to 238 
high school teachers who did not send their responses in the 
first roxind. Only, one hundred forty one teachers were 
identified as high school aquaculture teachers and 
participated in this study. It is assumed that the population 
of high school aquaculture education teachers in the 
Agricultural Central Region is approximately 141. 
The study examines high school aquaculture teacher 
commitment, perception, attitudes, and demographics, high 
school characteristics, and some different environmental 
xiii 
factors that thought to affect high school aquaculture 
education. 
The dependent variable, high school aquaculture 
technological innovativeness, was measured with a scale that 
svms the level of use over ten separate aquaculture 
technological innovations. Independent variables used in this 
study included perception of aquaculture education by 
aquaculture high school teachers, demographic attributes of 
aquaculture high school teachers, high school structure, high 
school location, linkages with other high schools, attributes 
of aquaculture education, activities for local community 
development, barriers to high school aquaculture education, 
different laws and regulations that may inhibit the adoption 
of aquaculture education, and some important channels of 
communication in diffusing high school aquaculture education. 
Frequency tables, factor analysis, reliability, multiple 
correlation, and multiple regression were used in the 
statistical analysis. 
It was found that SIZE4 (total number of school teachers), 
COMCAl (some means of communication), SCIOR (scientific 
orientation) , and COMDEV (high school activities for local 
community development) explained 25 percent of the variation 
in high school aquaculture technological innovativeness. 
Implications of results are discussed. 
CHAPTER I. INTRODUCTION 
1.1. Backgroxmd of the Study 
1.1.1 Aouaculture 
Aquaculture is the aquatic counterpart of agriculture. 
It is the husbandry of fish or other aquatic species in a 
controlled environment (Bardach et al. 1972; Lovell, 1979; 
Shell, 1983; Molnar et al., 1987). Aquaculture, in comparison 
to agriculture, is a relatively new practice. Aquaculture 
developed more recently due to the fact that man was dealing 
with organisms which were different from himself and in an 
environment which he feared and, until recently, did not 
understand (Beveridge, 1987) . 
The world supply of fish comes from captive fisheries and 
aquaculture. The world catch of fish was approximately 4 
million metric tons in the year 1900. This supply was 
increased to 20 million metric tons in 1930, and 70 million 
metric tons in 1970 (Molnar et al., 1987). The total world 
supply of fish increased from 86,323,6000 in 1985 to 96,925, 
900 metric tons in 1991 (Michigan State University Aquaculture 
Center, 1994). 
In general, aquaculture's importance increased for 
several reasons. First, aquaculture is considered a good and 
important source of cheap animal protein. This importance has 
been increased, in recent years, as a strategy to overcome the 
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demanding problem of malnutrition, starvation, and the 
increasing demand of protein. Second, the feed conversion 
ratio of fish is the highest among other known domestic 
species including swine, poultry, and cattle. Third, 
accelerated development of aquaculture is the only means known 
to meet the projected demand of fish production. 
1.1.2 Acaaaculture in the World 
As the world population and the demand increase, 
aquaculture has the potential to be an increasingly important 
source of supply (Shell, 1983). Stickney (1994), Pillay 
(1990), Idyll (1970), and Rhyther (1969) argued that about 100 
to 140 million metric tons of edible fishery will be urgently 
needed to meet the world demands by the year 2000. According 
to this estimation, there will be a deficit of approximately 
20 to 60 million metric tons to be made up. The only major 
source for this supply is an accelerated development of 
aquaculture. 
McCraren (1994) viewed that aquaculture will be a major 
global industry in the 21st. century. This expectation is 
based upon the world anticipated growth and the relatively 
stable, or declining, captured fisheries harvest. In general, 
aquaculture will have to be increased seven folds in order to 
supply the world demand for seafood by the year 2025. 
Balckman (1989) argued that the opportunity for 
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aquaculture expansion seems to be significant as long as the 
world is approaching the limit that can be harvested 
economically from the world's oceans. This opportunity for 
aquaculture expansion, according to Blackman (1989), appears 
to be genuine if the demand for hiiman consiimption is doubled, 
as expected, by the year 2000. On the other hand, fishery 
scientists have warned that any further increase in the world 
catch is doubtful based upon the present high energy cost and 
the replacement characteristics of fishery resources (Jackson 
et al., 1982). 
In general, it is expected that the total world demand 
for fish in the year 2000 will be 113.5 million metric tons, 
28.4 % from aquaculture, and 156.5 million metric tons in the 
year 2050, 48% from aquaculture (Michigan State University 
Aquaculture Center, 1994). This estimate is based upon three 
assumptions: (1) per capita consumption remaining steady at 
the 1990 value (18.41 lbs), (2) the world population in the 
year 2000 at 6,165,485,000, and 8.5 billion by the year 2025; 
and (3) wild catch of fish remaining steady at 81.3 million 
metric tons (mean for years 1985-1991). 
1.1.3 Acfuaculture in the United States 
McCraren (1994) stated that aquaculture currently 
accounts for less than 9% of the United States seafood 
production. In 1990, the United States was ranked the tenth 
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in the world in aquaculture production. Imported fish and 
seafood accounted for more than 60% of the United States trade 
deficit after petroleum and automobiles are accounted for. 
Fichter (1988) stated that the majority of the United States 
population seldom think about food shortage of any commodity. 
It is estimated, according to Fichter (1988), that the United 
States population consxames half of the world resources every 
year. In addition, Meade (1989) stated that fish consvimption 
rate in the United States increased 3% during the period of 
1970-1981, of which 47% was imported. As a consequence, it is 
expected that per-capita consumption of coinmercial seafood in 
the United States will exceed 20 pounds by the year 2000. 
The majority of aquaculture production in the United 
States comes from the delta region of Mississippi. The 
catfish industry accomplished 5% growth in 1990 and was 
expected to continue this rate of growth through the 1990 "s. 
In addition, nioinber of fish farmers reached 1,664 in 1991. 
McCraren (1994) in referring to a study conducted by the 
United States Department of Agriculture (USDA) in 1994, stated 
that aquaculture production in the United States reached 203 
million poimds with a farm gate value of $192 million. During 
the 1980s production quadrupled and reached an estimated 
quantity of 860 million pounds with a farm-gate value of more 
than $760 million by 1990. In addition, Stickney (1994) 
pointed out that aquaculture in the United States was 402,757 
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metric tons in 1988 with a value of $750,250 million. These 
two previously mentioned studies (McCraren, 1994; Stickney, 
1994) provided some indicators about the persistent expansion 
trends in aquaculture industry. 
Aquaculture in the United States has been considered to 
be a fast growing industry. Federal governmental policies 
have supported this growing industry. The Farm Bill of 1978 
acknowledged the applicability and consistency of aquaculture 
to the U. S. Department of Agriculture goals. At the same 
time, the U. S. Department of Commerce developed an 
aquaculture plan for the country (Stickney, 1994; Glude, 
1977) . A revised Farm bill was issued in 1987 to establish 
four regional aquaculture centers. In 1988, an additional 
center of aquaculture was established in the North Central 
Region. 
In general, the potential for the United States 
aquaculture is very promising. Aquaculture is the fastest 
growing agricultural sector. Growth in this industry means 
more job opportunities, more development of rural areas, and 
higher increase in per-capita GNP. Dicks et al. (1988) 
estimated that for every additional ten million 
pounds of produced catfish there were 220 new jobs and 1,100 
additional related job opportunities are created within the 
industry. 
Aquaculture is agriculture and aquaculture education is a 
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newly born siibject area and is considered as a part of 
agricultural education curriculxim in high schools. The 
Comcil for Agricultural Education (1994) claimed that after 
one year of testing at six high schools, there was a 400 
percent increase in students signing up for aquaculture 
classes for the 1992-1993 school year. Furthermore, it was 
found that this course attracted non-traditional students of 
agriculture, women, and minorities. In general aquaculture 
education in high schools has made a positive difference in 
enrollment and resources available to high school agricultural 
education program. 
Industry support has been helpful in providing high 
schools with new facilities and the technical information 
necessary for implementing aquaculture education curricula. 
In addition, aquaculture industry may provide some incentive, 
training, and job opportunities for students who have some 
educational preparation in aquaculture. There may be a 
symbiotic relationship between high school aquaculture program 
and the American aquaculture industry. 
1.1.4 Aquaculture Education in the United States Hiah Schools 
Aquaculture education in the United States high schools 
has a very short history. It was started, on an experimental 
scale in 1989, as a direct consequence of the increasing 
interest of the United States Department of Agriculture 
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(USDA), the aquaculture industry, and secondary and post-
secondary public schools to provide skilled personnel 
necessary to meet the increasing demand in this promising 
industry. 
Workshops, conferences, field trips, demonstrations, and 
many other different methods have been used to stimulate 
interest among students, teachers, and school administrators 
in favor of aquaculture. Some schools and cooperative 
extension service are offering educational tours to some 
aquaculture sites for kindergarten children and community 
residents. Aquaculture equipment sales personnel, aquaculture 
research centers, colleges of agriculture, voluntary 
organizations, and mass media have also played a role in 
creating positive motivations among high school students, and 
citizens in support of the aquaculture industry. 
Furthemore, some other elements may play a role in 
supporting aquaculture education in high schools. Those other 
elements include: school administrative support, teachers' 
interest, commiinity interest and expectations, aquaculture 
industry financial and technical support, linkages with other 
high schools, different laws and regulations, and availability 
of adequate funds and facilities in school budgets. 
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1.2. The Problem 
Uncertainty implies a lack of predictability, structure, 
and information (Rogers, 1983). Uncertainty can be technical, 
financial, or social. Technological innovation can be 
identified as an activity characterized by great uncertainty 
about the final outcome and amount and type of resources which 
are necessary to invest to obtain a commercially profitable 
result (Hope, 1988). 
Information represents one of the means of reducing 
iincertainty. The greater the degree of technological 
uncertainty, the greater the learning or knowledge pressure 
facing an entity. On the other hand, a technological 
innovation embodies information and thus reduces uncertainty. 
For example, adoption of an aguaculture technological 
innovation by a high school is expected to result in a change 
that might affect its enrollment and performance. 
High schools that adopt aquaculture technological 
educational innovations earlier may have a better chance to 
have higher demands than those that adopt later (Rogers, 
1983). Adoption of advanced aquaculture educational 
technologies may help economic development in the communities 
around those schools and provide job opportunities, or 
educational opportiinities, to young people. 
Bishop (1986) argued that the main reason for the failure 
of any educational innovation is the negligence of the user 
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system including: (1) teachers may lack a clear idea of what 
is expected from them in their new role; (2) teachers may do 
not have the necessary skills, attitudes, values, and 
perspectives to accomplish their new role; (3) lack of 
required materials, facilities, and equipment; (4) lack of 
organizational arrangement in the school; (5) there may be no 
feed-back procedures; and (6) growing resistance among staff 
and students. 
Mort (1967) listed some reasons for the lag in 
educational innovations: (1) the absence of scientific 
sources of innovations in education, (2) the lack of change 
agents necessary to promote new education ideas, and (3) the 
lack of economic incentives to adopt. This comes about for 
two reasons: (a) the results of adopting an educational 
innovation are not so easily measured, in comparison to 
agriculture, and (b) teachers are generally paid on the basis 
of their tenure and personal educational attainment regardless 
of their educational innovativeness. In this sense, teachers 
adopting educational innovations are paid the same as those 
rejecting them regardless of the added risk of possible 
failure. As a consequence, there is no economic incentives, 
or profit motive, among teachers to be educational innovators. 
Gotkin et al. (1967) argued that any innovation, 
including educational ones, may create additional difficulties 
regardless of its usefulness in solving problems. This does 
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not necessarily imply that an educational innovation has only 
anticipated positive consequences. Adoption of educational 
innovations may have some different, and maybe negative and 
unanticipated consequences (Rogers, 1983; Carlson, 1967). 
Fox et al. (1967) stated that collaborative efforts of 
school administrators, teachers, and outside interest group 
provides a productive role in assisting and supporting 
educational innovations. In general, innovative teacher, 
supported by informed and sympathetic school administration 
and professional colleagues, has a better chance to succeed. 
The main concern of policy-makers is to ensure highly 
efficient education for high school students, the consumers, 
while allowing a fair return for both teachers and students on 
their investment. By identifying barriers and problems facing 
these high schools, it is easier for policy-makers to develop 
policies that may help them overcome obstacles and facilitate 
their aquaculture technological educational innovativeness. 
On the other hand, policy-makers should include in their 
considerations all benefits provided to teachers and schools 
in general. Regulatory actions should alleviate uncertainty 
and reinforce stability needed for high schools involved in 
aquaculture education. 
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1.3. Objectives of the Study 
This study examines several factors thought to be related 
to aquaculture education technological innovativeness at the 
high school level. The specific objectives of this study are: 
(1) to apply the adoption-innovation model to aquaculture 
education in high schools located in the north central region 
of the United States; (2) to examine factors related to 
innovativeness of those high school of the North Central 
region in an era of environmental uncertainty; and (3) to 
provide policy-makers with recommendations, based on the 
research results, to facilitate aquaculture education 
innovations among high schools in the Agricultural Education 
North Central Region. 
1.4. Significance of the Problem 
This study examines different factors that affect 
adoption of aquaculture education technological innovations by 
high schools in the North Central Region. The study will show 
the degree to which the adoption-innovation model applies to 
these high schools. 
Theoretically, high school agriculture education programs 
that adopt new aquaculture technological education relatively 
earlier may have a better chance of survival and prosperity 
than those that adopt later. From a practical standpoint, 
prosperity of those high school programs and the availability 
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of innovative aquaculture technologies and educational 
facilities to high school students may have a positive impact 
on agricultural education in general. Furthermore, high 
school education policy-makers are in need of more information 
related to aquaculture education technological innovations in 
order to put appropriate policies in favor of it. 
The results of this research on innovative actions of the 
high schools studied can provide policy makers with insight to 
develop appropriate policies for aquaculture education in high 
schools. 
This dissertation consists of five chapters. Chapter I 
introduces the study; Chapter II outlines the relevant 
literature, including previous research, theoretical 
orientations to technological innovativeness of high school 
aquaculture education, and statement of the hypotheses; 
Chapter III outlines the methodology of this study; Chapter IV 
presents the findings and their significance; and Chapter V 
provides a summary of the study and empirical findings, with a 
discussion of implications, some limitations of the study, and 
directions for future research. 
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CHAPTER II. LITERATURE REVIEW 
2.1. Adoption, Diffusion, Innovation, 
and Innovativeness 
Diffusion of innovation is a multi-disciplinary theory of 
planned social change that is came about by the dissemination 
of new ideas, or new technologies, throughout the social 
system {Goss, 1979) . Adoption is a decision to make a full 
use of an innovation as the best course of action available 
(Rogers, 1983). It is the stage where a person decides that a 
new idea, or product, or practice is good enough for full 
scale and continuous use (Lionberger, 1960) . It is the 
acceptance of an idea, practice, or product by a single iinit 
of potential audience (Klonglan et al., 1967). It entails a 
gradual shift in orientation from an old to a new practice. 
In addition, adoption can be perceived as a series of stages 
or steps progressively advancing from awareness to adoption 
(Rogers, 1960) . 
Copp et al. (1958) defined adoption as an activity over a 
period of time. During the adoption period, the farmer 
transforms his orientations and practices regarding farm 
operations. I is the only means by which school systems 
attempt to adjust to their new environment (Carlson, 1967). 
In general, the adoption process has two inseparable 
elements, the symbolic adoption components in which the idea 
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is accepted, and the adoption component in which the material 
object or practice is accepted. Bohlen (1968), and Rogers 
(1968) viewed symbolic adoption as the adoption of a non-
material idea or position without a direct material parallel. 
On the other hand, Klonglan et al. (1970) , argued that 
symbolic adoption is a part of the adoption process regardless 
of whether the innovation being adopted is material or non-
material (Klonglan et al., 1970). 
The adoption of an innovation includes: (1) a specific 
problem, (2) possible solutions considered, (3) optimum 
solution selected, (4) trial of optimiam solution on an 
experimental or limited scale, (5) implementing the solution 
on a large scale, and (6) institutionalization, or 
confirmation, of the innovation (Bishop, 1986). Rogers (1983) 
identified five stages of adoption process at the individual 
level: (1) knowledge, (2) persuasion, (3) decision, (4) 
implementation, and (5) configuration. It has four stages in: 
(1) initial knowledge about the practice, (2) acceptance of 
the practice as a good idea, (3) acceptance of the practice on 
a trial basis, and (4) adoption or refusal of the practice 
(Wilkening, 1953) . 
Lionberger et al. (1982), Heal et al. (1957a), Copp et 
al. (1958), and Rogers (1960) divided the individual adoption 
process into five stages: (1) awareness, (2) interest, (3) 
evaluation, (4) trial, and (5) adoption or rejection. There 
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may be situations where there are many problems in the farm 
and therefore, the pattern of adoption changes to problem, 
search for alternatives, select alternatives, trial, and 
adoption. Zaltman et al. (1973) foiond that the total 
innovation process consists of five stages: (1) knowledge-
awareness, (2) formation of attitudes, (3) decision, (4) 
initial implementation, and (5) continued-sustained 
implementation. Dillman et al. (1987), and Larsen et al. 
(1977) found that significant adaptation of new technology 
occurs during the adoption process. 
Lionberger (1968), and Beal et al. (1957b) identified the 
evaluation stage as the stage of mental trial or legitimation. 
Feaster (1968) claimed that non-adoption may be the 
consequence of several factors. Among those factors is the 
lack of innovator to adopt a new practice. Lutz (1970) stated 
that adoption of educational innovations is a complex set of 
relationships in which few factors have strong effects but 
many factors have moderate influences. 
The adoption period is the length of time required to the 
adoption process to take place (Rogers, 1961) . Cognitive 
information about an innovation accelerates adoption decision­
making (Hooks et al., 1983). Lack of information inhibits 
adoption decision-making (Abelson et al., 1985). Lionberger 
et al. (1982) mentioned that there are some necessary 
conditions for adoption of innovations to take place: (1) a 
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continuing supply of updated, usable information, (2) farmers 
must be relatively free to accept and use the new recommended 
information and technology, and (3) availability of needed 
resources. 
Rogers (1958a) identified the time at which farmers adopt 
an innovation as the best criterion for classifying adoption 
category. In accordance to this measure, Rogers 
(1958a),stated that the adopter category includes innovators, 
early adopters, early majority, late majority, and laggards. 
The distribution of both single practices over time and 
adoption of farm practice scores are bell-shaped and to 
approach normality (Rogers, 1983). 
Carlson (1967) found that innovators in education have 
the tendency to: (1) be younger, (2) know well fewer of their 
peers, (3) farmers do not ask them for advice, (4) receive 
higher professional ratings, (5) exhibit greater accuracy in 
the judgment of their present positions, (6) have shorter 
tenure in their present positions, and (7) seek advice and 
information from more persons outside the local area. The 
first adopters of modern math, according to Carlson (1967) , 
were identified as professionals, have good friendship with 
their peers, and are not true marginal types. 
Rogers (1983:232) defined rate of adoption as the 
relative speed with which an innovation is adopted by members 
of a social system. It is influenced by: (1) attributes of 
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an innovation, (2) the type of innovation decision, (3) the 
nature of the social system, (4) the extent of change agents' 
effect, and (5) the nature of the communication channels 
(Rogers et al., 1971). 
Diffusion is defined as the process by which an 
innovation is communicated through certain channels over time 
among the members of a social system {Rogers, 1983:10). It 
is the process by which an innovation spreads (Eichholz et 
al., 1967) . It is the process of which new ideas are 
communicated and transferred to members of a societal system 
(Rogers et al., 1971). Gross (1949) divided diffusion into 
initiating mechanisms that are important in reaching people, 
and activating mechanisms that influence their behaviors. 
Presser (1959) identified an innovation as something new 
in human knowledge and experience. It is more commonly called 
an invention, a research result, or a new development of some 
older ideas. As knowledge diffuses to other people in the 
surrounding areas, the idea stops to be an innovation in that 
area and become a practice or a common practice. While it is 
a common practice in one area, it may be an innovation in 
another. It is a deliberate, new, and specific change which 
is thought to be more efficient than the existing practice in 
accomplishing the goals of a system (Miles, 1967; Rogers, 
1983; Kiinberly, 1981). Rosenfeld et al. (1991) argued that 
conception, invention, and exploitation are the three 
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inseparable components of innovation. It means changes which 
may have different effects upon both producers and users 
(Pearson, 1991). 
An organizational innovation is the implementation of an 
internally generated or borrowed idea that was new to the 
organization (Thompson, 1965; Zaltman et al., 1973). It can be 
divided into incremental innovation (Ettlie et al., 1984; 
Tushman et al., 1986; Hage, 1980), and radical innovation 
(Daft, 1982; Hage, 1980). It was found that, technological 
innovations are adopted at a faster rate than administrative 
ones. On the other hand, administrative innovations may 
trigger the adoption of technological ones but not the vice 
versa (Damanpour et al., 1984). 
Zaltman et al. (1973) identified three forms of 
innovation that can take place in organizations, including 
schools: (1) a programmed or planned innovation, (2) a non-
programmed or unplanned innovation which occurs when 
organizations have more slack resources than needed, and (3) a 
distressed innovation which happens when a crisis is perceived 
and new actions are taken. Innovation, according to Zaltman 
et al. (1973), can be developed within an organization or be 
imposed by other organizations. 
There are four types of innovation decisions: (1) 
optional innovation-decision, (2) collective innovation-
decisions, (3) authority innovation-decisions, and (4) 
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contingent innovation-decisions which consist of a sequential 
combination of two or more of the previously mentioned three 
types of innovation decisions {Rogers, 1983). Decisions to 
adopt or reject can be individual or collective (Rogers, 
1960). It is important to investigate the adoption process 
and decision making in a collectivity (Fathi, 1965). 
Miles (1967) claimed that the diffusion rates in 
educational systems are slower than those found in industrial, 
agricultural, or medical system for some reasons including 
absence of valid scientific research findings, lack of change 
agents to promote new educational ideas, and lack of economic 
incentives to adopt innovations. In addition, certain 
ideological beliefs in the educational profession may serve as 
a blocking barrier against innovativeness. 
Brown (1981) mentioned that it was mistakenly assumed 
that innovation diffusion has a positive impact on individual 
welfare and social change. A new practice is interacting 
with different ongoing practices, structures, ideologies and 
ways of doing things. This interaction of new and old 
practices, gives rise to unanticipated consequences (Carlson , 
1967; Rogers, 1983; Gotkin et al., 1967), Miles (1967) argued 
that the dominant focus in most contemporary change efforts 
have the tendency to be on the content of the desired change, 
rather than on the consequences of change process per se. 
Carlson (1967) argued that the full story of the life 
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cycle of education innovations is the story of their 
inventions, development and promotion, adoption, diffusion, 
and demise, along with the problems encountered in introducing 
and maintaining the innovations in specific settings, and the 
unanticipated consequences growing out of the use. 
Fliegel et al. (1966), and Von Fleckenstein (1974) argued 
that there is a need to place more emphasis on the 
characteristics of innovations and how they affect adoption of 
an innovation. As a consequence, it is important to study the 
multidimensional character of adoption behavior. 
Bishop (1986) pointed out that there are different 
strategies of an innovation: (1) the research, development, 
and diffusion model, (2) the social interaction-diffusion 
model, (3) participatory problem-solving, (4) the planned 
linkage strategy by using linkage procedures and agencies 
intermediate between the centers of educational change and the 
users, (5) power-coercive strategies, and (6) open input 
strategy in which all possible strategies are used. In 
general, any process of innovation involves four major 
elements: (1) the change agent, (2) the innovation, (3) the 
user system, and (4) time. 
Watson (1967) argued that innovations in education have 
often taken the form of experimental schools. They are 
considered, according to Watson (1967), as Utopian projects. 
Clipson (1991) argued that all aspects of innovation should be 
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examined prior to major expenditures on their development. 
Nowak (1987) claimed that institutional inefficiencies is a 
major reason for rejection of innovations. 
Goss (1979) pointed out that where there is relative 
socioeconomic equality, benefits are distributed evenly. On 
the other hand, where there is a high degree of 
stratification, a concentration of benefits is allocated to 
the dominant social structure. 
Innovativeness is the degree to which an individual, or 
an organization, is relatively earlier in adopting an 
innovation than other organizations (Rogers, 1983). 
2.2. Technological Innovations and Organization 
Technology is defined as the means by which an 
organization's outputs are created. It is the tools, devices, 
and knowledge that mediate between inputs and outputs (process 
technology) and/or that create new products or services 
(product technology) (Rosenberg, 1972). It is necessary to 
view the requirements of technologies as a variable in 
adoption decision (Ashby, 1982). Organizational technological 
concern lies in operational technology, or the two combined 
forces of machines and individuals' activities, that produces 
a desired goal (Thompson et al., 1957). Carlson et al. (1988) 
found that the adoption of no-till farming methods partly 
depends on the ability of a farmer to make the technology work 
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on his farm. 
Numerous literature (Hage et al., 1970; Hage, 1980; Moch, 
1976; Moch et al., 1977) suggested that an innovative 
organization is characterized by: (1) high complexity, or the 
degree to which an organization's members posses a relatively 
high level of knowledge and expertise (Rogers, 1983), (2) high 
decentralization of power, (3) low formalization of members, 
(4) low stratification in the differential distribution of 
rewards (those employees who get high rewards are more likely 
to resist change), (5) more emphasis on quality, (6) low 
emphasis on efficiency in the cost of production or service, 
and (7) high level of job satisfaction. In addition, adoption 
of innovations in organizations is related to organizational 
size, specialization, differentiation, and decentralization. 
Also, values, interests, and perspectives of lower level 
decision-makers must be compatible with the innovation. 
Robey (1991) stated that the environment impinges on the 
process of organizational innovation in three ways. First, 
successful innovators must actively scan their environment to 
recognize these potential performance gaps. Second, while 
most innovative organizations obtain their own slack 
resources, all depend on ideas and technology drawn from the 
outside sources. Third, the environment can also be a source 
of financial resources, especially for public organizations. 
Corwin (1973), and Hall (1991) emphasized the effect of 
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economic conditions of organizations on the adoption of an 
innovation. Hall (1991) claimed that lack of organizational 
resources is a big obstacle against organizational adoption of 
innovations. Manns et al. (1978) foiind that strong units or 
departments respond to adversity with fewer innovations than 
the weaker ones. The stronger organizations have greater 
access to alternative resources than the weaker ones which 
make them insulated from adversity. On the other hand, the 
weaker organizations should innovate more in order to 
compensate their lack of resources. 
Sawhney et al. (1991) foimd that partnership is one of 
the main strategies used by small rural telephone companies to 
cope with deficiencies of resources and obtain advanced 
technological innovations. 
Organizational uncertainty implies a lack of 
predictability, of structure, and of information. The greater 
the degree of technical uncertainty, the greater the knowledge 
pressure facing the organization (Tushman et al., 1990). 
Organizational uncertainty can be divided into two types: 
uncertainty about ends or focus, and uncertainty about means 
or approaches (Pearson, 1991). 
Tushman et al. (1986) fo\ind that technological 
breakthrough can enhance or destroy organizational 
competencies. Knowledge and skills can become highly valuable 
or obsolete on the basis of technological change. 
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Internal factors, or internal environment, may also 
promote change to the extent that managers and other members 
of an organization may seek not just its maintenance but also 
its growth, in order to secure improved benefits and 
satisfactions for themselves (Child et al., 1981). Changing 
organizational environments may cause some problems for 
organizations that promote the adoption of innovation 
(Baldridge, 1971; Evan, 1965). 
Organizational personnel can be viewed as a potential 
source of inertia. Hannan et al. (1984) argued that this 
refers to the fact that the same organizational forms will 
continue to remain in place because there is no 
differentiation among the personnel. Kaufman (1971) mentioned 
that change takes place through personnel turnover. Also, 
change can be forced on an organization from the environment 
(Meyer et al., 1977; Tolbert et al., 1983). 
Kaufman (1971) emphasized the influence of internal 
factors, including lack of motivations among individuals, in 
resisting any organizational change. In addition, they 
include factors such as sunk costs or investments in the 
status quo, the accumulation of official constraints on 
behavior, such as laws and regulations, unofficial and 
unplanned constraints on behavior in the form of infoinnaal 
customs, and inter-organizational agreements. 
Nowak (1987) argued that the diffusion and economic 
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perspectives are complementary rather than contradicting. 
Biggart (1977) emphasized laws and regulations as forces of 
environmental change. Hage (1980) emphasized the importance 
of internal groups as a driving force for organizational 
change. El-Ghamrini et al. (1995) found that community-
pressure plays a reasonable role in organizational change. 
Organizations vary widely in their ability to recognize 
performance problems, and some are more successful in 
obtaining resources and technical information from the 
enviroment. They also differ in the degree of success they 
have in moving through the stages of need recognition, 
initiation and implementation. These differences indicate 
that some organizations manage innovation better than the 
others (El-Ghamrini, 1995) . 
Different argxaments aroused around the applicability of 
Rogers' adoption model on other disciplines. Van Es et al. 
(1977) argued that existing knowledge of adoption behavior is 
most applicable to commercial agricultural practices, and not 
to adoption of environmental practices. Therefore, according 
to Van Es et al. (1977), environmental innovativeness cannot 
be predicted well by demographic variables commonly used in 
adoption research (Baldridge et al., 1975). Korsching et al. 
(1981) found that the adoption of minimum tillage is 
consistent with the traditional adoption model. On the other 
hand, Pampel et al. (1977), and Jones (1973) found that the 
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traditional adoption model is not applicable for all 
innovations. 
2.3. High school Aquaculture Education 
2.3.1 High School Acaiaculture Teachers' Commitment. 
Perceptions. Attitudes. and PemoaraDhics 
Despite the fact that adoption of innovations in 
education started strongly in the 1960s, very few researches 
have been made on the adoption of technological innovations in 
agricultural education. As a consequence, most of the bulk of 
the literature cited in this chapter had been conducted on 
farmers. These variables are thought to be closer to the 
agriculture teacher who teaches aquaculture. 
Carlson (1967) emphasized the role of superintendents in 
the adoption of modeim high school math. Characteristics of 
the superintendents, according to Carlson (1967), must be 
taken into accounts in any efforts aimed at a complete 
explanation of school systems' rate of adoption of new 
educational practices. Lin et al. (1966) mentioned that 
innovation internalization, or attitudinal acceptance, is the 
extent to which a person perceives an innovation as relevant 
and valuable to his situation. 
Amabile (1988) suggested that there are three domains of 
personal creativity. First, domain of dominant-relevant 
skills which includes knowledge about the domain, technical 
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skills required, and special domain-relevant talent. This 
domain depends on three factors: (1) innate cognitive 
abilities, (2) innate perceptual and motor skills, and (3) 
foinnal and informal education. Second, domain of creativity-
relevant skills which includes appropriate cognitive style, 
implicit or explicit knowledge of heuristic for generating 
novel ideas, and conducive work style. This domain depends 
upon: (1) training, (2) experience in idea generation, and 
(3) personality characteristics. Third, domain of task 
motivation which includes attitudes toward the task, and 
perceptions of own motivation for undertaking the task. It 
depends upon: (1) initial level of intrinsic motivation 
toward the task, (2) presence or absence of salient extrinsic 
constraints in the social environment, and (3) individual 
ability to cognitively minimize extrinsic constraints. An 
organization will be more innovative when the highest level of 
leadership within the organization communicate a genuine 
motivation for innovation. 
Rogers (1961) stated that an innovator has more 
supportive attitudes toward innovation and active behavior 
activities. An innovator, according to Rogers (1961), uses 
competent sources of information and has more credibility in 
his resources than does an average farmers-
Rogers (1958b) argued that technological change, as 
measured by an adoption scale, varies with the concepts of 
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change orientation, communication, competence, and status 
achievement. Rogers et al. (1969), and McClelland et al. 
(1969) foxand that personality characteristics as achievement 
motivation, entrepreneurship, and willingness to make changes 
are the primary determinants of early adoption of innovation. 
Rogers (1983), and Tsui et al. (1989) claimed that some 
personal attitudes and demographics are considered as 
important elements in the study of adoption of an innovation. 
They include position, tenure, age, and level of education. 
Younger, better educated farmers with higher farm incomes are 
more likely than others to have longer term planning, bigger 
resources to acquire new technologies, and higher degree of 
risk acceptance (Anoiske et al., 1990; Gould et al., 1989). 
Some other personal attributes are related to adoption 
including rigidity, change orientation, innovation proneness, 
and adoption self rating. Dogmatism is not related to 
adoption (Rogers, 1957). 
Gross (1949) pointed out that earlier adopters are better 
educated, have higher social participation, read more 
experiment station bulletins, subscribed to magazines and 
newspapers frequently, participate more fully in cooperatives, 
and have larger farms and higher incomes than late adopters. 
Earlier adopters are not younger than late adopters. Cancian 
(1967) found that innovators and early adopters display a risk 
tolerant attitudes by adopting early. 
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Lionberger (1952) indicated that farm and home practice 
improvement is affected by all the factors which affect the 
diffusion of cultural traits in general. Some social, 
psychological, and cultural attributes affect this decision 
including level of aspiration, kind and quality of contacts, 
status of the innovation, relative importance related to local 
group conformity, degree of dependence on local primary 
groups, evaluation placed upon new innovation by both 
individuals and groups, and the ability to utilize recommended 
innovation. 
Pfeffer (1983) emphasized that the general concept of 
demography may have substantial effects on organizational 
outcomes including innovation, performance, control, and 
executive succession. Pfeffer (1983) also emphasized the fact 
that it is not only the simple demographic characteristics 
such as age, tenure, race, or education that are important to 
understand, but also their compound effects. 
Applegate et al. (1988) observed that using advanced 
technologies can support forms of group interaction and 
communications which leads to innovativeness. Also, it was 
found that physical closeness fosters natural understanding 
and \mifies emotions among group members (Zajonc, 1965; El-
Ghamrini, 1988) . Face-to-face commiinication leads to 
innovativeness (Rogers, 1983) . 
Copp (1958) found that measures of economic productivity 
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and personality variables are of great importance in 
accoxmting for variance in the quantitative measures of farm 
innovation adoption. Variables describing the social 
positions of farmer, such as age, formal education, level of 
living, and social participation, are of minor importance when 
the economic and personality variables have been taken into 
account. The gross returns from the unit is highly correlated 
with adoption. Age, education, level of living, and activity 
in community affairs are associated with the adoption of an 
innovation. 
Bose (1962), Rieck et al. (1962), and Griliches (1960) 
stated that farmers who are most profit-oriented adopt more 
new practices. Nowak et al. (1983) argued that farmers must 
have a felt need for the innovation, be able to have a valid 
evaluation to assess the potential consequence, and receive a 
reasonable assistance in order to transfer and adapt it into 
their farm situation. 
Coughenour (1960) foiand that socio-economic status and 
education provide situational support leading to contact with 
agricultural agencies, and subsequently to adoption. Farmer's 
age, education, and participation in formal organizations 
contribute little to variance in adoption score. Carlson 
(1967) mentioned that there is a tendency among non adopters 
to: (1) have less formal education, (2) receive fewer 
friendship choices, (3) know well fewer of their peers and be 
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less well known by them, (4) participate in fewer professional 
meetings, (5) interact less often for advice and information, 
(6) receive lower ratings on the professional score, (8) hold 
less prestigious superintendencies, (9) perceive less support 
from their school boards, and (10) rely more on local sources 
for advice and information. 
Van den Ban (1957) found that progressive farmers are 
those who have large farms, young, receive vocational training 
in agriculture, members of farmers' organizations, and are 
modem in their style of living. Feaster (1968) found that 
age, level of living, and number of agent's visit were 
significant. Education, level of living, number of agent's 
visits, and years of education desired for sons are 
significantly negatively related to traditionalism and 
positively related to individual innovativeness. 
Hage et al. (1973) foiind that the values of 
organizational elites, or leaders, are the primary reason for 
organizational innovativeness. Baldridge et al. (1975) argued 
that organizational characteristics are more important to the 
innovation process than the attitudes of organizations' 
members or even their elites. 
Goss (1979) argued that the classical diffusion model is 
biased to the social psychological attributes and there is a 
dominant assumption that individuals have equal control over 
their destiny through equal access to the information and 
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other resources necessary for adoption. 
Havens et al. (1975) foiind that personal characteristics 
of the fanners cannot explain non-adoption due to a possible 
availability of some institutional constraints. Caplan et al. 
(1973) argued that Psychological research is primarily 
centered upon the person and this creates a person-blame 
causal attribution bias when applied to social change. 
Wilkening et al. (1962) found that differences in status, as 
determined by education and level of living, are not closely 
associated with the adoption of an innovation. 
2.3.1.1 High school Aauaculture Teacher Commitments. 
Perceptions. and Attitudes 
Fishbein et al. (1975) defined an attitude as a learned 
predisposition to respond in a consistent manner in different 
situations facing them. Schiaman et al. (1981) defined 
crystallized attitudes as those that exist before they are 
measured. 
Rogers (1983) perceived adoption of an innovation as an 
individual decision with special emphasis on the different 
personality and demographic attributes which has been shown 
clearly to be associated with differences in the rates of 
adoption and the time of adoption. Lin et al. (1966) 
mentioned that innovation internalization or attitudinal 
acceptance is the extent to which a person perceives an 
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innovation as relevant and valuable to his situation. 
Amabile (1988) argued that perceptions of one's 
motivation for undertaking the task depend largely on external 
social and environmental factors such as the presence or 
absence of salient extrinsic constraints in the work 
environment. Internal factors, according to Amabile (1988), 
might also influence the self-perception motivation. Copp 
(1958) stressed the importance of studying farmer's self 
perceptions, ability to deal with the problem-solving 
situations, and mental flexibility, as well as other aspects 
of the farmer's personality. 
Carlson (1967) argued that characteristics of 
superintendents are very important for adoption of educational 
innovations. Van den Ban (1957) found that progressive 
farmers are those who have large farms, yoxing, received 
vocational training in agriculture, members of farmers' 
organizations, and are modern in their style of living. 
Baldridge et al. (1975) found that there is no 
relationship between organizational innovativeness and 
personal attitudes. Wilkening et al. (1969) found that 
consensus in aspiration is associated with higher adoption 
than when few only have high aspiration. 
Less business-oriented farmers are motivated by social 
responsibilities and attachment to farming regardless of 
financial profits. They perceive farming as better, moral. 
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and more satisfying than urban life (Flinn et al., 1974). 
Wilkening et al. (1962) argued that aspiration for 
children future are highly associated with innovative behavior 
in farming than fanner's education. Rogers (1958b) found that 
technological change is related to the farmer's change 
orientation, commxinication competence, and status achievement. 
Weick (1979) emphasized the importance of individuals' 
attitudes and how they view their organization's importance as 
the major source of organizational innovativeness. This can 
be identified as the willingness of social actors to give 
their energy and loyalty to social systems (Kanter, 1968) . It 
is the identification of individuals with or attachment to 
their organization (Hall et al., 1972; Patchen, 1970). It can 
also be viewed as an awareness of the impossibility of 
choosing a different social identity, or of rejecting a 
particular expectation, vinder force of penalty (Stebbins, 
1970), the binding of an individual to behavioral acts 
(Kiesler, 1971; Salanick, 1977), or an attachment of an 
individual to an organization regardless of the worth of this 
attachment (Buchanan, 1974). 
Ramsey et al. (1959) found that there are significant 
negative relationships between the behavioral adoption scale 
and two of the value orientation: security and 
traditionalism. Significant linear relationships were found 
between cognitive adoption and five value orientations: 
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positive relationships with achievement, science, and material 
comfort, and negative relationships with security and 
traditionalism. 
Lord (1977) found a positive relationship between 
availability of information and leader's commitment to his 
organization. Mason et al. (1988) argued that attitude 
strength is not a characteristic of crystallization, but a 
correlate. 
Havens et al. (1961) found that adopters' perceptions of 
profitability is the determinant of rate of adoption. Hoffer 
et al. (1958) argued that Attitudes and values of the farmer 
himself is the determining factor in the adoption of a new 
practice. 
Mobley (1977) emphasized the consequences of 
organizational commitment on organization's stability and 
innovativeness. Amabile (1988) stated that an organization 
will be more innovative when the highest level of leadership 
within the organization has genuine motivation for innovation, 
an organization is colored by the personal visions of its 
elites (Sawhney et al., 1991). Wilkening (1950) argued that 
the failure to adopt a farming innovation can be attributed to 
the socio-psychological characteristics of individuals. 
Wilkenning (1950) found that conservatism in agriculture 
is related to conservatism in other aspects of life. Emery et 
al. (1955) found that attitude has the tendency to be stable 
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for a long time although verbalized responses tend to be 
unstable, changes in attitude involve the activation of past 
experiences, predisposition to act are not necessarily a 
standard for individuals in whom cross-pressures operate, and 
it is inaccurate to assume that opinion leaders can influence 
the decisions of most farmers. 
Mason et al. (1980) claimed that incomplete knowledge and 
uncertain outcomes are related to farmer's perception to the 
innovation as risky. Cancian (1967) stated that innovators 
and early adopters display a risk-tolerant attitudes by 
adopting early when the innovation is less understood and 
tested. 
Wilkening et al. (1962) viewed farmers seek information 
from fanners who have similar situations to their own. Kivlin 
et al. (1968) found that small scale dairyman responds 
favorably to an innovation's short run investment 
implications. On the other hand, the middle-scale dairyman is 
has the tendency to consider strongly the long-term profit but 
not necessarily to yield maximum profit. 
Wilson et al. (1955) mentioned that education, farm size, 
contact with extension staff, and socioeconomic status are 
important factors in the adoption process. Rogers (1958b) 
foxind that technological change is related to the farmer's 
change orientation, communication competence, and status 
achievement. Havens et al. (1975) found that lack of adoption 
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is partly due to the institutional constraints that block 
credit availability. Non-adopters, according to Havens et al. 
(1975), were not an innovation rejectors but they lack access 
to financial assistance. 
Yeracaris (1970) argued that demographic characteristics 
are used only as indicators of the existence of relevant 
social boundaries. Education and age are not related to 
adoption when political affiliation is controlled. 
Hvpothesis 2.3.1.1.1 In high school aquaculture education, 
teacher perception of aquaculture is not related to 
technological innovativeness. 
HvDothesis 2.3.1.1.2 In high school aquaculture education, 
teacher's perception of high school aquaculture education is 
positively related to technological innovativeness. 
Hypothesis 2.3.1.1.3 In a high school aquaculture education, 
teacher' s future expectation of number of high school 
aquaculture education classes is not related to technological 
innovativeness. 
Hvpothesis 2.3.1.1.4 In high school aquaculture education, 
teacher's future expectation of student enrollment is not 
related to technological innovativeness 
Hvpothesis 2.3.1.1.5 In high school aquaculture education, 
teacher's personal scientific orientation is positively 
related to technological innovativeness. 
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Hypothesis 2.3.1.1.6 In high school aquaculture education, 
teacher's self determination is positively related to 
technological innovativeness. 
2.3.1.2 High school Acruaculture Teachers' Demographics 
Rogers (1983), Tsui et al. (1989), and Anoiske et al. 
(1990) emphasized the importance of demographics in adopting 
an innovation. On the other hand Baldridge et al. (1975) 
argued that organizational characteristics are more important 
to the innovation process than the attitudes of organizations' 
members and their demographics. 
Chaudhari et al. (1967) mentioned that there is a 
significant relationship between age, literacy, and size of 
holding and adopting class. Older farmers, according to 
Chaudhari et al. (1967), have higher adoption rate than 
younger ones. Wilson et al. (1955) emphasized that education, 
size of farm, contact with extension staff, and socioeconomic 
status are important variables in determining the adoption of 
farm practices in the United States. On the other hand, land 
tenure and age are not related to adoption. 
Farm ownership, education, income, farm size, and social 
participation are positively related to adoption. Younger 
farmers are more likely to adopt a new practice. Ethnic 
background influences the adoption of practices. Neighborhood 
norms is related to adoption. The newer the practice, the 
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more doubt is the farmer had concerning it (Hoffer et al., 
1958). 
Ogwezi (1980) found a significant positive relationship 
between education, use of competent information sources, and 
innovativeness. Bose (1961) foiand that progressive farmers 
are literate and have higher participation in coiraniinity 
activities. 
2.3.1.2.1 Age 
Lehman (1953), and Simonton (1984) found that individuals 
demonstrate their creativity at younger ages. Older people 
are handicapped in fields that require new learning, but they 
have an advantage when the accximulation of experience is 
required. Van Es et al. (1987) found that age is negatively 
related to innovativeness. Learning theory suggested that 
younger individuals who have received their education within 
lately are more likely to adopt innovations quicker than the 
older ones (Bandura, 1977). Dua Opare (1977) foiind that there 
is a positive association between age and adoption of an 
innovation. 
On the other hand, Baldridge et al. (1975), and El-
Ghamrini et al. (1995) pointed out that there is no 
relationship between individual characteristics, such as sex, 
age, and personal attitudes and organizational innovativeness. 
Photiadis (1962) foiind that there is a positive relationship 
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between age and direct learning of agricultural technology. 
Wilkening et al. (1962) mentioned that age affects the 
role of farmer in farm activities and in the family. As the 
farmer becomes older, the role in the family changes from a 
single operator to a partner with other family members in 
managerial decisions. In general, older farmers are not as 
likely to adopt innovations and particularly those recent and 
advanced ones. 
Taylor (1962) mentioned that younger farmers and older 
farmers make less gross income than middle-aged farmers. This 
is due to the fact that middle-aged farmers adopt innovations 
quicker than older and yoxinger farmers. 
Risk acceptance, according to El-Ghamrini et al. (1995) 
is a psychological and personal attribute that may differ from 
a person to person regardless of their ages. Therefore, it is 
expected that age is not related to technological 
innovativeness. 
Hypothesis 2.3.1.2.1 In high school aquaculture education, 
teacher's age is not related to technological innovativeness. 
2.3.1.2.2 Gender 
Females and males are equal. Baldridge et al. (1975) 
argued that demographic attributes, including gender, are less 
important than organizational structure in explaining 
organizational innovativeness. 
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Hypothesis 2.3.1.2.2 In high school aquaculture education, 
teacher's gender is not related to technological 
innovativeness. 
2.3.1.2.3 Highest Level of Formal Education 
Completed 
Rogers (1983), and Amabile (1988) found that formal 
education attained by manager is positively related to 
organizational innovativeness. Van Es et al. (1987), Gross 
(1949), Rogers et al. (1969), and Dua Opare (1977) found that 
education is positively related to innovativeness. Van den 
Ban (1957) foxand that farmer's education, general style of 
living, and membership in farm organizations and cooperatives 
are related to progressiveness even when other factors are 
held constant. 
Waldman et al. (1986) suggested that demographic 
characteristics, including education, are related to 
performance. Van den Ban (1957) found that farmer's education 
is related to his progressiveness even when other factors are 
held constant. Anoiske et al. (1990) mentioned that better 
educated farmers have enhanced information processing 
abilities which give them the opportunity to use complex 
technologies. Taylor (1962) mentioned that there is a 
positive relationship between years of schooling and gross 
income, and adoption of innovations. 
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Photiadis (1962) foxind that education is not related to 
the adoption of innovations when social and economic variables 
are controlled. Coughenour (1960) foimd that education 
contributes little to variance in adoption score. Verner et 
al. (1966), and El-Ghamrini (1995) foimd that there is no 
relationship between education and adoption. 
Hvpothesis 2.3.1.2.3 In high school aquaculture education, 
formal education obtained by high school teacher is not 
related to technological innovativeness. 
2.3.1.2.4 Organizational Membership 
Verner et al. (1966) argued that social participation is 
positively associated with adoption of an innovation. Rogers 
(1957) mentioned that group influences and economic 
motivations influence famer's decisions. Marsh et al. 
(1954a) found that the higher the adoption rate of a farmer, 
the higher the adoption rate of his associates in kin, 
visiting and work exchange groups. Carlson (1965) pointed out 
that there is a higher rate of adoption of innovation among 
superintendents who have a higher friendship choices. 
Communication and social interaction are on the center of 
whether to adopt or not (Rogers, 1983) . 
Wilkening et al. (1962) mentioned that participation in 
farm organizations provide farmers with the opportunity to 
know more about new practices from their trusted friends and 
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colleagues. Abd-Ella et al. (1981) foiind that family 
educational level, aspiration, farm size, tenure, social 
participation, cosmopolitancy, coininunication, and extension 
contact are positively related to adoption of farm 
innovations. 
Carlson (1965) found that the early adopters of modern 
math tended to score higher than late adopters on measures of 
social network involvement and position in status structure. 
Van Es et al. (1987) mentioned that kinship is positively 
related to innovativeness. Van den Ban (1957) found that 
fanner's membership in farm organizations and cooperatives is 
related to his progressiveness even when other factors are 
held constant. Coughenour (1960) found that organizational 
membership contributes little to variance in adoption score. 
Fliegel (1962) found that family characteristics which 
include a traditional orientation may work as an obstacle to 
technological change. Fliegel (1956) pointed out that 
familism, contacts for information on farm matters, level of 
living, and attitudes toward farm practices explain a 
significant proportion of variation in adoption of 
innovations. 
Rogers (1958b) argued that there are no significant 
relationships between technological change and locality group 
cohesion, family integration, and kinship group cohesion. 
Atwood (1967) found that the resistance by the new comers and 
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old teachers is broken gradually through their interaction 
with other adopters at the school. 
In general, organizational membership is a part of social 
commxinication network. It leads to better awareness and 
understanding of some new practices and it may lead to the 
adoption, or rejection, of an innovation. 
Hypothesis 2.3.1.2.4 In high school aquaculture education, 
teacher's organizational membership is not related to 
technological innovativeness 
2.3.1.2.5 Tenure 
Tenure leads to better organizational communication, 
better accumulative experiences, and organizational stability. 
Tenure can be measured in terms of the period of time teacher 
spent in education field and in his present school. Gross 
(1949) found that tenure status has little or no association 
with diffusion of an innovation. Rogers (1983) argued that 
tenure is positively related to innovativeness. 
On the other hand, tenure of the same position for a long 
period of time may be perceived as an indicator of stagnation 
of promotions and incentives. In addition, organizational 
change may threaten the established power system and those who 
profit from the present allocation of resources and rewards. 
In this case, tenure implies a strong resistance to 
innovativeness (Katz et al., 1978). 
45 
El-Ghamrini et al. (1995) fovind that there is no 
relationship between small rural telephone company 
technological innovativeness and its manager' s tenure. Mort 
(1946) argued that tenure and educational attainment are the 
only variable deterinined high school teacher's salary 
regardless of his innovativeness or not. As a consequence, 
resistance to high school change is positively related to 
tenure. 
Hypothesis 2.3.1.2.5 In high school aquaculture education, 
teacher's tenure is not related to technological 
innovativeness. 
2.3.1.2.6 Past Experiences in Acruaculture or anv 
other Related Field 
Past experiences means better vinderstanding to new ideas 
and practices. On the other hand, it may imply painful 
memories and more resistance to change. Applying those 
experiences in real situations requires personalities with 
high risk acceptance. Social influence in the work 
environment may produce both functional and dysfunctional 
consequences (House, 1968). 
Sons choosing to farm are influenced by direct 
experiences and primary group contacts. Strauss (1956) found 
that sons who choose voliintarily to farm come from higher 
income and are closely related to traditional rural values. 
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and are from owner-operator families that are better able to 
assist in financial support and managerial skills in helping 
their child to become established in farming. 
El-Ghamrini et al. (1995), Sawhney et al. (1991), Katz et 
al. (1978), and Rogers (1983) found that there is no 
relationship between past experiences in the field and the 
adoption of innovations. 
Hypothesis 2.3.1.2.6 In high school aquaculture education, 
teacher's past experiences and interest in aquaculture 
industry or any other related field is not related to 
technological innovativeness. 
2.3.1.2.7 C o smopo1i tancv 
Cosmopolitancy is the degree to which an individual' s 
orientation is external to his social system (Eichholz et al., 
1967). Eichholz et al. (1967) noticed that schools which are 
more innovative are characterized by cosmopolite teachers. 
Van den Ban (1957) found that farmer's cosmopolitancy is 
related to progressiveness even when other factors are held 
constant. Abd-Ella et al. (1981) found a positive 
relationship between cosmopolitancy and innovativeness. 
Hypothesis 2.3.1.2.7 In high school aquaculture education, 
teacher's cosmopolitancy (foreign language skill and travel 
outside the United States) is positively related to 
technological innovativeness. 
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2.3.1.2.8 Year of Awareness 
The adoption of an innovation by an individual is viewed 
as a multi-staged process. Awareness is the first stage of 
the individual adoption process in which a person becomes 
aware of an innovation. He knows very little information 
about it in this stage (Beal et al., 1957a; Copp et al., 1958; 
Lionberger et al., 1982; Rogers, 1983). The individual, then 
develops interest, evaluates, tries, and perhaps adopt the 
innovation. In this sense, it is not necessarily that an 
individual awareness may lead to adoption. 
Hypothesis 2.3.1.2.8 In high school aguaculture education, 
year of teacher's awareness about aguaculture education in 
high school is not related to technological innovativeness. 
2.3.1.2.9 Formal Training 
House (1968) found that social influences in the work 
environment explain why training produces both functional and 
dysfunctional consequences. The consequences of high school 
teacher training depends on the degree to which the social 
influences in the trainee's high schools are perceived by the 
trainee as motivations to learn. El-Ghamrini et al. (1995) 
found no relationship between formal training and 
innovativeness. 
The main objective of high school formal training is to 
provide workers with additional necessary skills and to refine 
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their past acquired skills. Amabile (1988), and Rogers (1983) 
emphasized the role of training in organizational 
innovativeness. Hage et al. (1967) found that the presence of 
a well-trained staff, in an organization, is related to 
reduced need for extensive rules and policies, and it leads to 
technological innovativeness. Blau et al. (1971) stated that 
organizations select and train highly qualified individuals to 
ensure that they will act according to their organizational 
rules and demands. Mort et al. (1941) found that adoption 
rate of educational innovations is higher in those schools 
whose teachers are more highly trained and more accepting of 
modern educational practices. El-Ghamrini (1995) found that 
skill of personnel and training of technicians are related to 
technological innovativeness of small rural telephone 
companies. 
Hypothesis 2.3.1.2.9 In high school aquaculture education, 
teacher's formal training is positively related to 
technological innovativeness. 
2.3.2 High School Structure 
High school, as an organization, is a collectivity with a 
relatively identifiable boundary, a normative order, ranks of 
authority, communications systems, and membership coordinating 
systems (Hall, 1991:32) . A high school can be viewed as a 
stable system of individuals who work together to achieve 
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predetermined goals through a hierarchy of ranks and a 
division of labor (Rogers et al., 1976). 
Organizational structure is defined as the distribution, 
along various lines, of people among social positions that 
influence the role relations among these people (Blau, 
1974:11). James et al. (1976) emphasized that four of the 
most frequently studied properties of organizational structure 
are size, configuration (niimber of hierarchical levels), 
formalization, and centralization. Hall (1991) stated that 
organizational structure is influenced by two groups of 
variables: (1) contextual variables that include size, 
technology, the environment, and cultural conditions; and (2) 
design variables that are divided into: (a) strategic choice; 
and (b) institutional models of structure. 
Gotsch (1972) argued that organizational socioeconomic 
structure can obstruct or facilitate adoption of innovations. 
Hage et al. (1967) argued that adoption of innovations by an 
organization is more related to organizational structure than 
individual attributes. 
2.3.2.1 High School Size. Agriculture Program Size, and 
Aouaculture Program Size 
Kimberly (1976) observed that organizational size has 
four related aspects: (1) physical capacity of the 
organization or boundaries; (2) personnel available to the 
50 
organization including both full time and part time ones; (3) 
organizational inputs or outputs including number of clients 
served; and (4) the discretionary resources available to the 
organization. 
Inkson et al. (1970) found that increased organizational 
size is related to increased organizational structure and 
decreased centralization. Carlson et al. (1981) found that 
farm size is positively related to the adoption of 
conservation behavior. Fliegel (1957) found that net farm 
income, related to size, is positively associated with the 
adoption of extension recommended farm practices. Dewar et 
al. (1978) mentioned that growth in administrative departments 
is related to large size, while growth in academic or research 
departments has more of technological base. 
Fliegel (1956) viewed that farm size and authority in 
farm matters are not significantly related to adoption. El-
Ghamrini (1995) found a positive significant relationship 
between size of rural telephone company and technological 
innovativeness. 
Van den Ban (1957), Mohr (1969), Beal et al. (1967), 
Brown et al. (1967), Sandhu et al. (1974), Copp (1956), Rogers 
(1983) , and Van Es et al. (1987) found that there is a 
positive relationship between farm size and innovativeness. 
On the other hand, subunit size has a different 
relationship. Gooding et al. (1985) argued that increasing 
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organizational subiinit size is negatively related to their 
performance. 
Hvpothesis 2.3.2.1.1 In high school aquaculture education, 
size of high school is positively related to technological 
innovativeness. 
Hypothesis 2.3.2.1.2 In high school aquaculture education, 
size of high school agriculture program is negatively related 
to technological innovativeness. 
Hvpothesis 2.3.2.1.3 In high school aquaculture education, 
size of aquaculture program is negatively related to 
technological innovativeness. 
2.3.2.2 High school Resources 
Organizational slack resources can be identified as the 
degree to which uncommitted resources are available to a high 
school (Rogers, 1983). Competition, dominance, and 
cooperation are the most common relationships existed in 
organizations existed in the same environment (McKlevey, 
1982). 
Farmers who own their farms, according to Bose (1961) , 
adopt slightly more than those farmers who do not own their 
farms. Manns et al. (1978) found that weaker organizations, 
with insufficient access to resources, have to innovate more 
in order to compensate for resources. 
Ndiaye et al. (1988) pointed out that farmers' inability 
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to mobilize additional labor, as a form of resources, results 
in partial adoption and different compromises in the 
performance of recommended practices. Wilkening et al. (1962) 
argued that adoption of an agricultural innovation is affected 
by the relationship of resources and the farmer' s attitude 
toward resources and their use and not by the amount of 
resources available. Farmers whose largest concern is about 
the combination of resources for producing higher outputs are 
most likely to adopt new farming practices. Van Es et al. 
(1987) found that income, related to farm resources, is 
positively related to innovativeness. Cyert et al. (1963) 
found a positive relationship between organizational resources 
and innovativeness. 
Larger organizations, with a surplus of resources, adopt 
unplanned or non-programmed innovations as soon as they have 
those slack resources. High schools with limited resources 
use partnerships and joint programs as a strategy to overcome 
their lack of resources. Loans, grants, and financial aid are 
other strategies to create resources. Sawhney et al. (1991), 
and El-Ghamrini et al. (1995) found that there is no 
relationship between rural telephone company resources and its 
technological innovativeness. 
Innovators and early adopters can accept risk and 
compensate their losses, due to their sufficient resources 
(Rogers, 1983). The same principle applies to organizations. 
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Hypothesis 2.3.2.2 In high school aquaculture education, 
availability of high school financial resources is positively 
related to technological innovativeness. 
2.3.3 Characteristics of High School Acaiaculture Education 
Lionberger et al. (1982) mentioned that there are five 
attributes of the innovation: relative advantage, 
compatibility, complexity, trialability, and observability. 
Carlson (1965) identified characteristics of an innovation as: 
(1) relative advantage or the degree to which an innovation is 
superior to ideas it supersedes, (2) compatibility or the 
degree to which an innovation is consistent with existing 
values and past experiences of adopters, (3) complexity or the 
degree to which an innovation is relatively difficult to use; 
(4) divisibility or the degree to which an innovation may be 
tried on a limited basis, and communicability or the degree to 
which the results of an innovation may be diffused to others. 
Lionberger (1952) argued that new farms and home 
practices, are accepted based upon their compatibility and 
utility within the existing culture. The prestige of the 
donor group or persons, according to Lionberger (1952), are 
also factors in diffusion of agricultural innovations. 
Rosner (1968) argued that organizations can cope with 
environmental changes not only by applying technological 
innovations, but also by successfully integrating both 
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technical and administrative changes into their organizational 
structure. Corwin (1973), and Hall (1991) foiind that economic 
conditions of the organizations may affect, positively or 
negatively, the adoption of innovation. Fox et al. (1967) 
found that collaborative effort of school administrators, 
teachers, and outside resource people provides more vigorous 
productive support for innovations. 
Goldstein et al. (1961) argued that business-oriented 
farmers adopt innovations, may include profitable and non-
profitable ones, which are a part of farming business. Van Es 
et al. (1977) argued that the goal of adoption behavior is to 
increase profit regardless of the commercial environmental 
nature of the innovation. El-Ghamrini (1995) found a positive 
relationship between skill of personnel and training of 
technicians and technological innovativeness. 
Moon (1982) found that there is a significant positive 
relationship between relative advantage, compatibility, and 
adoption of different types of soil conservation practices. 
Hypothesis 2.3.3.1 In high school aquaculture education 
relative advantage and compatibility are positively related to 
technological innovativeness. 
Hypothesis 2.3.3.2 In high school aquaculture education, 
observability, simplicity, and trialability are not related to 
technological innovativeness. 
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2.3.4 Availability of Communication Channels 
Copp et al. (1958) divided information sources into mass 
media, peers, oral extension contacts (office calls, farm 
visits, meetings, etc.), and commercial sources. Rogers et 
al. (1958; 1965) divided channels of communication into four 
categories: (1) mass media sources (impersonal cosmopolite) 
such as radio, newspapers, magazines, and television; (2) 
personal-cosmopolite sources such as communication with 
extension agents, farm suppliers, and farmers from other 
neighborhoods; (3) personal-localite sources such as 
communication with neighbors and friends and family; and (4) 
self or personal experience with different innovations in his 
farm. Impersonal sources are used more at the awareness stage 
while personal sources are used more at other stages of the 
adoption process. 
Lionberger et al. (1982), and Mason (1964) stated that 
mass media are useful for creating awareness and providing 
additional information; local trials and advice from trusted 
peers are most important for persuasion at the evaluation 
stage; application information is needed at the trial stage; 
and results count most at the adoption stage. 
Hoffer (1946) found that the effectiveness of extension 
efforts increase with the extent to which they are organized 
and directed towards existing group. Dean et al. (1958) found 
that among low rationality farmers there is a positive 
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relationship between contact with extension service and 
adoption of an innovation. 
Marsh et al. (1955) pointed out that socio-economic 
status, education, and contact with agents are somewhat less 
consistent. Gould et al. (1989) and Nowak (1987) found that 
there is a positive effect of information on adoption. Young 
et al. (1959) fo\ind that while there is some evidence of the 
prevalence of unfavorable attitudes toward scientific farming 
in low adoption neighborhoods, there is little direct 
indications that neighbors influence is retarding adoption. 
Photiadis (1962) fo\ind that social status is related to 
contact and direct learning of agricultural technology. High 
social status have to have more contacts with agricultural 
agents in order to retain their status. Coleman et al. (1955) 
found that farmers who adopted new practices have more 
contacts with information sources. 
Thomas et al. (1990) pointed out that farmers who had 
smaller gross farm sales valued their neighbors most as a 
source of infomation. Those who had high gross fana sales 
rated consultants as important source. Younger and less 
educated fanners who had larger percentage of their land 
irrigated rated chemical salespersons as important source. 
Highly educated farmers who had high gross farm sales rated 
extension group meetings as important and viewed that printed 
materials and individual contacts were their most important 
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sources of information. 
Lindstrom (1958) fovind that although the conditioning 
influences can come through mass media, the influence leading 
to adoption comes from trusted and reliable individuals or 
sources within the community including. 
Rogers (1957) indicated that a farmer does not adopt an 
agricultural innovation until he receives information about 
its existence, and gains knowledge about some specific 
details. Rogers (1983) found that integration into local 
information and assistance networks can facilitate the 
adoption process. 
Ryan (1948) found that diffusion of an agricultural 
innovation depends upon farmers' contact with different 
information channels, rationality, ability and expertise. 
Lionberger et al. (1982) expressed the view that the 
availability and characteristics of information networks, the 
extent and nature of contacts with representatives of change 
agencies, and the position and credibility of these change 
agents in the local communities can influence the adoption 
decision. Cognitive information about an innovation 
accelerates adoption decision-making (Hooks et al., 1983). 
Nowak (1987) found that distribution of knowledge is the 
most effective way of reducing farming risk in dealing with 
the most complex new practices. On the other hand, lack of 
information inhibits adoption decision-making (Abelson et al.. 
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1985) . Nowak (1987) and Yapa et al. (1978) found that younger 
and better educated fanners have more contacts, than other 
farmers, with information sources and change agencies. 
Copp (1958) emphasized that magazines and printed 
extension play the highly influential role in the awareness 
stage, printed and oral extension dominate interest stage, 
personal influence and face-to-face play a highly effective 
role in the acceptance stage, and printed extension, farm 
visits, demonstrations, manufacturers' instruction, and 
neighbors are highly influential in the trial stage. With 
regard to evaluation, mass media and professional sources of 
information are positive in their effect about an innovation. 
Peer influences are less effective for the early stages of the 
adoption process because of their possibility of negative 
information and lateness. 
Wilkening et al. (1962) stated that interpersonal 
commvinication is an exchange of information between people. 
Effective channels of information vary from practice to 
practice, depending upon the promotional effort of 
communicating agencies and the appropriateness of those 
selected channels for the specific practice. 
In traditional societies, communication from other 
farmers in the community has a greater importance at all 
stages except the trial stage (Rogers et al., 1965). Mason 
(1964) found that use of peer sources, authoritarian sources, 
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and commercial sources is low at the awareness stage and then 
increases as fanners pass through other advanced stages of the 
adoption process. Fanners high in influence are involved in 
more face-to-face communication with peers than are those less 
influential for all the practices. Lionberger et al. (1954), 
and Marsh et al. (1954b) emphasized the role of neighbors and 
friends as sources of farm information and they operate as a 
conditioning factor in the evaluation of sources of farm 
information. 
Rogers (1958b) mentioned that there is no relationship 
between technological change and cohesion with locality group, 
family integration, and cohesion with kinship group. Van Es 
et al. (1987) found no significant relationship between 
kinship arrangements and innovativeness in practicing soil 
erosion control. 
Wilkening (1956) argued that mass media are used 
primarily as a source of first knowledge about agricultural 
innovations. Agricultural agencies are used to obtain the 
detailed instruction for putting a practice into effect and to 
help in decision-making. Other fairmers (neighbors, relatives, 
and friends) help in decision-making and provide detailed 
instructions. Commercial sources are used to providing 
instructions and first knowledge. Farmers use less commercial 
sources at the awareness stage than any other stages of the 
adoption process. Cosmoploite communication sources play 
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their least important role at the evaluation stage and for 
later adopters than earlier ones. 
Fathi (1965) viewed that contacting informal opinion 
leaders is the first target of the change agent to achieve 
success in projects which are compatible with the close-knit 
coxnmmity. Photiadis (1962) found that contacts with 
extension agents are significantly related to individual's 
knowledge, attitudes, and adoption scores. Nowak et al. 
(1983) found that integration into support network is related 
to a higher rate of conservation practice. 
Lionberger (1954) found that informal groups have a 
facilitating influence on the interpersonal exchange of farm 
information among members of the same group. Neighborhood 
residents have the tendency to place a greater emphasis on 
information from friends and neighbors within their community. 
Wilkening (1950) found that the greater the dependence of a 
farmer upon neighborhood and kinship ties, the less likely the 
farmer to adopt an agricultural innovation. Carlson et al. 
(1981) foxind a significant positive relationship between 
kinship ties and the use of soil-conservation practices. 
Gross (1948) mentioned that individuals or families of a 
coitmunity who have strong neighborhood and kin groups are less 
likely to accept new practices or innovations. Wilkening et 
al. (1962) found that dependence upon field days for 
information is related to adoption of innovations. There is a 
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limited positive relationship between the use of mass media 
and adoption. Agricultural officials have a positive effect 
upon the adoption of all types of improved practices. The use 
of traditional contacts for information has very little 
relationship with adoption. 
Abd-Ella et al. (1981) pointed out that social 
participation has a strong effect on adoption behavior, while 
extension contacts have a negligible effect. Marsh et al. 
(1954b) found that neighborhood norms can impede or speed 
adoption of agricultural innovations based on the quality of 
the norms itself. 
Hvpothesis 2.3.4.1 In high school aquaculture education, a 
channel of communication used by aquaculture teachers at the 
awareness stage is not related to technological innovativeness 
Hypothesis 2.3.4.2 In high school aquaculture education, 
COMCAl (face-to-face commiinication) is positively related to 
technological innovativeness. 
Hvpothesis 2.3.4.3 In high school aquaculture education, 
C0MCA2 (dominated by mass media) is not related to 
technological innovativeness. 
2.3.5 Organizations Involved in Supporting High School 
Aquaculture Education 
Baldridge et al. (1975) stated that environmental 
inputs from the other organization is a major determinant of 
62 
technological innovativeness. Corwin (1973), and Hall (1991) 
argued that economic conditions of the organizations affect 
the adoption of an innovation. Hall (1991) mentioned that 
lack of resources is a systematic obstacle to organizational 
innovativeness. 
Domination, competition, and symbiosis are the main types 
of relationships in organizational environment (Hannan et al, 
1984; Corwin ,1973; and Manns et al., 1978). Linkages with 
other organizations may lead to dominance and dependency 
(McKlevey, 1982). 
Hvpothesis 2.3.5 In high school aguaculture education, 
organizations involved in supporting high school aquaculture 
education are not related to technological innovativeness. 
2.3.6 High School Activities For Local Community Economic 
Development 
A community is defined as the combination of social units 
and systems that perform the major social functions having 
locality relevance. It is the organization of social 
activities to afford people daily local access to those broad 
areas of activities that are necessary in day-to-day living 
(Warren, 1978; Rothman et al. , 1987). This definition 
emphasizes the importance of horizontal communication for 
human community (Wilson, 1992). 
Bose (1961) found a significant relationship between 
63 
farmers' activities for community development and adoption of 
farming innovations. Wilkening et al. (1962) stated that 
leaders are much more responsive to adopt innovations of main 
concern to their communities. 
Mort (1967), Ross (1958) , and Bigelow (1947) noticed that 
there is more rapid diffusion in those communities of those 
educational regions which had higher financial support in 
schools and higher levels of potential parental education and 
occupations. A community that is slow to adopt an innovations 
tends to be slow to adopt others. In addition, higher rates 
of adoption of educational innovations were found in schools 
where the public's attitudes favor modern practices (Mort et 
al., 1941) . There may be a special s^ i^otic relationship 
between high schools and commiinities where they are located. 
Baldridge et al. (1975) found that environmental input from 
the community and other organizations is a major determinant 
of an organization's innovation behavior. 
Daft et al. (1980) observed that pressures from the 
community contribute to the differentiation and expansion of 
the technological units in an organization. Hage (1980) 
emphasized the importance of interest groups, such as local 
communities, as a driving force of organizational change. 
El-Ghamrini et al. (1995) found that there is a significant 
positive symbiotic relationship between rural telephone 
company activities for local community economic development 
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and technological innovativeness. 
Hypothesis 2.3.6 In high school aquaculture education, high 
school activities for local comitiunity economic development are 
positively related to aquaculture technological 
innovativeness. 
2.3.7 Linkages with other High Schools 
Bidwell et al. (1985) used the concept of organizational 
niche to indicate organizational environment. The niche, 
according to Bidwell et al. (1985), contains the resources and 
other organizations competing for the same available 
resources. The organizations that survive are the ones that 
are able to make adaptations in order to overcome, or at least 
coexist, with their competitors in the same niche. Also, an 
organization can develop agreements with other competitors to 
lessen competition (Child et al., 1981). 
Corwin (1973), Manns et al. (1978), and Hannan et al. 
(1984) emphasized the role of both external and internal 
environmental factors on an organization. Domination, 
competition, dependency, and symbiosis are the main types of 
relationships in organizational environment. Robey (1991) 
argued that competition for scarce resources often stimulates 
conflict between innovative groups and more traditional groups 
within an organization. 
Organizational linkages, arrangements, or agreements with 
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other organizations in the same environment may be perceived 
as resources. The arrangements may play a role in providing 
facilities, sharing of teachers, sharing facilities, sharing 
curricula, and sharing costs and saving money. This may 
increase mutual understanding and interdependence among 
schools. This may lead to more respect and higher demand 
among parents and higher students enrollment. It also may 
provide good environment to create friendship among students 
in those schools involved. 
El-Ghamrini et al. (1995) fo\ind that there is no 
relationship between rural telephone company technological 
innovativeness and its linkages with other companies outside 
service area. Sawhney et al. (1991) observed a relative 
tendency, due to the fear of being dominated, toward self-
reliance and self efficiency among rural telephone companies. 
Hypothesis 2.3.7 In high school aquaculture education, high 
school linkages with other high schools are not related to 
technological innovativeness. 
2.3.8 Barriers to High School Aquaculture Education 
Feaster (1968) mentioned that the non-adoption is maybe 
the result of lack of innovation. Bishop (1986) argued that 
massive changes can rapidly be initiated, but they cannot 
rapidly be adopted on a permanent base because of the 
instability of the system to assimilate rapidly changes 
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necessary for an innovation. Mort et al. (1941) emphasized 
the role of school administrative support in attaining high 
school adoption rates of educational innovations. 
Hoffer et al. (1958) argued that the failure to adopt an 
approved practice in farming is a matter of considerable 
practical importance to extension workers, public, and the 
farmers themselves. Profit motive alone is not sufficiently 
effective as a motivating influence for adoption. 
Cognitive information about an innovation accelerates 
adoption decision-making (Hooks et al., 1983), and lack of 
information may inhibit adoption decision-making (Abelson et 
al., 1985). State regulations can affect positively or 
negatively organizational innovativeness (Hall, 1981; 
Twenbafel et al., 1989)). Corwin (1973), and Hall (1991) 
emphasized the importance of economic organizational 
conditions on innovativeness. Rosner (1968) concentrated on 
the importance of integrating both technical and 
administrative organizational perspectives. 
Hypothesis 2.3.8 In high school aquaculture education, 
available barriers are negatively related to technological 
innovativeness. 
2.3.9 Local. State, and Federal Laws and Recailations 
Federal laws and regulations can play a major role as a 
stimulus or barrier to aquaculture high school technological 
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innovativeness. Flesche et al. (1967) mentioned that those 
concerned with introducing innovations in education should 
negotiate with political officials who are under pressure from 
interest groups whose goals are different. 
Daft et al. (1978) found that innovation increases as 
incentives for innovative alternatives increase. Supporting 
federal policies can increase organizational innovation. Some 
departments in American universities may not have any need to 
innovate because of the huge federal funds they have. McNeil 
et al. (1977) expressed the view that federal regulations in 
health service can impose innovations on hospitals. 
Holden (1980) argued that policies and regulations made 
by the Japanese government are better coordinated and more 
conducive to innovation than those of the United States. 
Nowak (1987) stated that Economic and diffusion processes 
should be perceived by policy-makers as complementary rather 
than competing. 
Hall (1981) argued that governmental policies can 
encourage or discourage organization innovativeness based on 
the nature of the regulation itself. Irwin (1984) argued that 
state regulations posses one virtue that supersedes that of 
federal power. Biggart (1977) emphasized the role played by 
laws and regulations as a driving environmental force of 
organizational change. El-Ghamrini (1995) found that there is 
a significant negative relationship between state regulations 
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that make it difficult for rural telephone company to upgrade 
its system and small rural telephone company technological 
innovativeness. On the other hand, El-Ghamrini (1995) found 
that there is no relationship between federal regulations and 
rural telephone company technological innovativeness. 
Hypothesis 2.3.9 In high school aquaculture education, local, 
state,or federal laws and regulations are not related to 
technological innovativeness. 
2.3.10 High school Location (State) 
Some states have an old reputation of its strong 
aquaculture industry such as Alabama, Kansas, Michigan, and 
Mississippi. In order to preserve this heritage, the state 
and the industry may play a role in supporting aquaculture 
education. As a consequence, the industry in these states may 
provides job opportunities, technical assistance, and 
financial support for high schools to meet its needs and 
preserve the industry and state heritage. Enjoying state and 
aquaculture industry support, schools located in these states 
may have a good market demand. Hage (1980), and Baldridge et 
al. (1975) emphasized the role of interest groups in pressing 
for organizational technological innovativeness. 
On the other hand, aquaculture industry may consider its 
financial profits as the sole motive and it may disregard 
other factors including history, heritage, and state 
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reputation. 
Hypothesis 2.3.10 In high school aquaculture education, high 
school location (state) is not related to technological 
innovativeness. 
2.3.11 Year of Adopting Acruaculture Education bv high school 
teachers and schools 
Adoption of an innovation is a series of adopting 
different innovations in the field. Adoption of aquaculture 
education by a high school, or a teacher, is maybe the 
beginning of a series of adopting new practices, or 
innovations, in aquaculture. 
Innovativeness may become the independent variable, or a 
predictor of another dependent variable or consequences of 
innovation (Rogers, 1983; Mason et al., 1968). At the same 
time, adoption of innovations by individuals, or even 
organizations, does not go in the same level and speed with 
regard to adopters (Rogers, 1983). Tushman et al. (1986) 
found that technological breakthrough can enhance or destroy 
organizational competencies. Knowledge and skills can become 
highly valuable or obsolete on the basis of technological 
change. Goss (1979) argued that most diffusion research 
ignores the consequences related to this adoption. 
Consequences of adoption of an innovation may be, according to 
Goss (1979), an initiation of another consequence and 
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unanticipated consequences is possible. Painful consequences 
may lead to abandon the innovation, partly or completely, 
after some time. Brown (1981) pointed out that it was 
mistakenly assximed that innovation diffusion has a positive 
impact on individual welfare and social change. Carlson 
(1967), and Rogers (1983) argued that adoption of an 
innovation has both anticipated and unanticipated consequences 
due to the fact that a new practice, or an innovation, is 
interacting with different ongoing practices, structures, 
ideologies and ways of practicing and doing things. 
Innovativeness is a continuous process. Some high 
schools and teachers may quit the new practice, or abandon any 
new advancement related to the innovations they adopted, due 
to some unexpected consequences or some uncalculated factors. 
Hypothesis 2.3.11.1 In high school aquaculture education, 
adoption of aquaculture education by teachers is not related 
to technological innovativeness. 
Hypothesis 2.3.11.2 In high school aquaculture education, 
adoption of aquaculture education by high school is not 
related to technological innovativeness. 
Figure 2.1 shows the theoretical model used in this 
study. 
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Independent Variables Dependent Variables 
Teachers' Coininitment, Perceptions, 
Attitudes, and Demographics 
High School Structure 
Characteristics of High 
Aquaculture Education 
Availability of Communication 
Channels 
Availability of Financial Resources 
Organizations Involved 
High School Aquaculture 
High School Activities for Local 
Commianity Economic Development 
Linkages with other High Schools 
Aquaculture 
Technological 
Innovativeness 
Barriers to High School Aquaculture 
Education 
Local, State, and Federal Laws 
Regulations 
High School Location (State) 
Adoption of Aquaculture Education 
(Teachers-High Schools) 
Figure 2.1 Theoretical Model Used in the Study. 
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CHAPTER III. METHODS AND PROCEDURES 
This chapter describes the methods and procedures of the 
study. The main objectives of this chapter are: (1) to 
describe the research setting, (2) present the primary 
procedures and their theoretical backgroxind, (3) describe the 
operationalization of the variables, and (4) discuss the 
statistical techniques used in analyzing the data. 
3.1. The Research Setting 
This study primarily concerns the adoption of innovative 
aquaculture education technologies and services by high school 
aquaculture teachers in the Agricultural Education Central 
Region. Data for this study were collected in Fall, 1995 and 
Spring, 1996. A mailed questionnaire was used. 
In order to identify the population of high school 
aquaculture teachers in the Agricultural Education Central 
region, three letters which included a copy of 1995 
Agricultural Educators Directory were sent to the three 
highest ranking officials responsible for agricultural 
education in each state asking them to provide the researcher 
with a list of names of high school aquaculture teachers in 
their states. In addition, identified aquaculture high school 
teachers were asked to provide the researcher with a list of 
any other names of high school aquaculture teachers they know. 
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A mailed questionnaire was sent to all possible 
aquaculture high school teachers in the Central Agricultural 
Education Region (N=450) identified in the aforementioned 
procedure. The receivers were asked to respond if they are, 
or were, teaching aquaculture and to return the questionnaire 
back whether not they were teaching aquaculture. A follow-up 
questionnaire was sent to 238 high school aquaculture 
education teachers who did not send their responses in the 
first round. Only one hundred and forty one high school 
aquaculture education teachers responded positively and were 
identified as high school aquaculture teachers. As a 
consequence, it was ass\amed that the population of high school 
aquaculture education teachers in the Agricultural Central-
Education Region was approximately 141. 
The study examined the commitment, demographic and 
perceptions of high school aquaculture education teachers, 
high school structure, and some different environmental 
factors related to the adoption of innovative aquaculture 
teaching technologies and services. 
In this study, high school aquaculture teachers and the 
high school, as an organization, were taken as units of 
analysis. 
The introduction of this chapter explained two 
perspectives: (1) instructional xinits in aquaculture 
education; and (2) species specific curriculxim materials 
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3.2. Instructional Units and Species-Specific 
Curriculum Materials 
3.2.1 Instructional Units in Acaiaculture Education 
The respondents were asked "How important are the 
following instruction units for a high quality instructional 
program in aquaculture?" The units were: Aquaculture 
management. Fish genetics. Pond construction. Ichthyology, 
Fish hatcheries. Water quality. Fish diseases. Marketing, Fish 
ecology. Fish nutrition, Aquaculture economics. Fish biology, 
and Aquatic weeds. The respondents used a four-item scale to 
rank their responses where: 1 = Not important, 2 = Somewhat 
important, 3 = Important, and 4 = Very important. 
The majority of respondents (92.9%) viewed aquaculture 
management as important or very important for high school 
aquaculture education. The responses ranged 1-4 in 
aquaculture management, with a mean of 3.64 and a standard 
deviation of .59. Table 3.1 shows the distribution of this 
variable. 
Fish genetics was considered by 34.8% of the respondents 
as somewhat important, 54.5% indicated that it was important 
or very important. The responses ranged 1-4 in fish genetics, 
with a mean of 2.69 and a standard deviation of .90. Table 
3.2 shows the distribution of this variable. 
Pond construction was identified by 40.4% of the 
respondents as somewhat important while 47.5% of them 
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Table 3.1 Importance of aquaculture management as perceived 
by high school aquaculture education teachers 
Response Frequency Percentage 
Not Important 1 0.7 
Somewhat Important 5 3.5 
Important 37 26.2 
Very Important 94 66.7 
Number of Respondents= =141 
Table 3.2 Importance of fish genetics as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Not Important 11 7.8 
Somewhat Important 49 34.8 
Important 48 34.0 
Very Important 29 20.6 
Number of Respondents=141 
perceived it as important. The responses ranged 1-4 in pond 
construction, with a mean of 2.61 and a standard deviation of 
.93. Table 3.3 shows the distribution of this variable. 
Ichthyology, taxonomy of fishes, was viewed by 51.1% of 
the respondents as important or very important. On the other 
hand, 7.8% of the respondents identified it as not important. 
The responses ranged 1-4 in Ichthyology, with a mean of 2.59 
and a standard deviation of .83. Table 3.4 shows the 
distribution of this variable. 
Fish hatcheries, as an instructional unit, was viewed by 
approximately 72.4% of the respondents as important or very 
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Table 3.3 Importance of pond construction as perceived by 
high school aquaculture education teachers 
Response Frequency Percentage 
Not Important 13 9.2 
Somewhat Important 57 40.4 
Important 37 26.2 
Very Important 30 21.3 
Niomber of Respondents=141 
Table 3.4 Importance of Ichthyology as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Not Important 11 7.8 
Somewhat Important 50 35.5 
Important 54 38.3 
Very Important 18 12.8 
Number of Respondents=141 
important. The responses ranged 1-4 in fish hatcheries, with 
a mean of 2.99 and a standard deviation of .79. Table 3.5 
shows the distribution of this variable. 
Water quality, as an instructional unit or a course, was 
viewed by 95% of the respondents as important or very 
important (Table 3.6). The responses ranged 1-4 in water 
quality, with a mean of 3.80 and a standard deviation of .46. 
Fish diseases, as an instructional unit or a course, was 
viewed by 78% of the respondents as important or very 
important. On the other hand it was perceived by 1.4% of the 
respondents as not important (Table 3.7). The responses 
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Table 3.5 Importance of fish hatcheries as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Not Important 4 2.8 
Somewhat Important 31 22.0 
Important 64 45.4 
Very Important 38 27.0 
Niomber of Respondents=141 
Table 3.6 Importance of water quality as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Somewhat Important 3 2.1 
Important 21 15.6 
Very Important 112 79.4 
Number of Respondents=141 
ranged 1-4 in fish diseases, with a mean of 3.26 and a 
standard deviation of .81. 
Fish marketing, as an instructional unit or a course, was 
viewed by 83.7% of the respondents as important or very 
important (Table 3.8). The responses ranged 1-4 in fish 
marketing, with a mean of 3.29 and a standard deviation of 
.78. 
The majority of the respondents (77.3%) viewed fish 
ecology as an important instructional unit, or a course. On 
the other hand, only .7% of the respondents described it as 
not important (Table 3.9). The responses ranged 1-4 in this 
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Table 3.7 Importance of fish diseases as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Not Important 2 1.4 
Somewhat Important 25 17.7 
Important 46 32.6 
Very Important 64 45.4 
Number of Respondents= =141 
Table 3.8 Importance of fish marketing as perceived by hig] 
school aquaculture education teachers 
Response Frequency Percentage 
Not Important 4 2.8 
Somewhat Important 15 10.6 
Important 56 39.7 
Very Important 62 44.0 
Nximber of Respondents=141 
variable, with a mean of 3.10 and a standard deviation of .73. 
The majority of the respondents (93.6%) viewed fish 
nutrition as important or very important. On the other hand, 
3.5% of the respondents viewed it as somewhat important (Table 
3.10). The responses ranged 2-4 in fish nutrition, with a 
mean of 3.56 and a standard deviation of .57. 
Aquaculture economics was perceived by 75.1% of the 
respondents as an important or very important course or 
instructional unit (Table 3.11). The responses ranged 1-4 in 
this variable, with a mean of 3.01 and a standard deviation of 
.78. 
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Table 3.9 Importance of fish ecology as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Not Important 1 0.7 
Somewhat Important 27 19.1 
Important 67 47.5 
Very Important 42 29.8 
Number of Respondents=141 
Table 3.10 Importance of fish nutrition as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Somewhat Important 5 3.5 
Important 51 36.2 
Very Important 81 57.4 
Nimber of Respondents=141 
Table 3.11 Importance of aquaculture economics as perceived 
by high school aquaculture education teachers 
Response Frequency Percentage 
Not Important 5 3.5 
Somewhat Important 26 18.4 
Important 69 48.9 
Very Important 37 26.2 
Nioinber of Respondents=141 
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Fish biology was identified by 80.8% of the respondents 
as important or very important, and only 1.4% perceived it as 
not important (Table 3.12). The responses ranged 1-4 in this 
variable, with a mean of 3.22 and a standard deviation of .75 
Aquatic weeds was identified by 75.9% of the respondents 
as an important or very important course or instructional 
unit. On the other hand, 10.5% of the respondents identified 
it as not important. The responses ranged 1-4 in this 
variable, with a mean of 2.49 and a standard deviation of .83 
Table 3.13 shows the distribution of this variable. 
Table 3.12 Importance of fish biology as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Not Important 2 1.4 
Somewhat Important 21 14.9 
Important 59 41.8 
Very Important 55 39.0 
Number of Respondents=141 
Table 3.13 Importance of aquatic weeds as perceived by hig] 
school aquaculture education teachers 
Response Frequency Percentage 
Not Important 15 10.6 
Somewhat Important 55 39.0 
Important 52 36.9 
Very Important 15 10.6 
Number of Respondents=i41 
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3.2.2 Species Specific Curriculum Materials 
The respondents were asked to indicate if they used, or 
were using, some different aquaculture publications of the 
National Council for Agricultural Education and how they would 
evaluate these publications. They were asked the question 
"Have you used the following publications of the National 
Council for Agricultural Education?" Each respondent was 
asked to rate the effectiveness of each of these publications 
by using a four item scale where: 1 = Not effective, 
2 = Somewhat effective, 3 = effective, and 4 = Very effective. 
The publications listed were: Producing catfish, Yellow 
perch. Carp, Tilapia, Walleye, Ornamental/Tropical 
aquaculture. Sturgeon, Red drum, Salmon, Crawfish farming. 
Trout, Shellfish culture. Saltwater shrimp, Plant aquaculture, 
Baitfish, Striped bass. Model aquaculture recirculation 
system. Discovering the origin and opportunities in 
aquaculture (Module I), Discovering plants and animals in 
aquaculture (Module II), Using water (Module III), Farming in 
water (Module IV), and Planning and managing an aquabusiness 
(Module V) . 
Almost 40% of the respondents used the catfish manual 
and 27% of the respondents viewed it as an effective or very 
effective publication. The responses ranged 0-4, with a mean 
of 1.07 and a standard deviation of 1.46. Table 3.14 shows 
the distribution of this variable. 
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Table 3.14 Effectiveness of producing catfish manual as 
perceived by high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 2 1.4 
Somewhat Effective 10 7.1 
Effective 30 21.3 
Very Effective 8 5.7 
Number of Respondents=141 
The yellow perch manual was used by only 22.7% 
of the respondents. Only 10.6% of the respondents perceived 
it as effective or very effective. The responses ranged 0-4 
in this variable, with a mean of .52 and a standard deviation 
of 1.13. Table 3.15 shows the distribution of this variable 
The carp manual was used by 19.1% of the respondents and 
was perceived by only 8.5% of the respondents as effective or 
very effective. The responses ranged 0-4 in this variable, 
with a mean of .40 and a standard deviation of 1.03. Table 
3.16 shows the distribution of this variable. 
Although the tilapia manual was used only by 41.8% of the 
respondents, it was perceived by 32.6% of the respondents as 
effective. The responses ranged 0-4 in this 
variable, with a mean of approximately 1.34 and a standard 
deviation of 1.74. Table 3.17 shows the distribution of this 
variable. 
The walleye manual was used by 23.4% of the respondents 
and 11.3% perceived it as effective. The responses ranged 0-4 
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Table 3.15 Effectiveness of yellow perch manual as perceived 
by high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 2 1.4 
Somewhat Effective 9 6.4 
Effective 10 7.1 
Very Effective 5 3.5 
Number of Respondents=141 
Table 3.16 Effectiveness of carp manual as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 5 3.5 
Somewhat Effective 4 2.8 
Effective 7 5.0 
Very Effective 5 3.5 
Niomber of Respondents=141 
Table 3.17 Effectiveness of tilapia manual as perceived by 
high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 1 0.7 
Somewhat Effective 6 4.3 
Effective 16 11.3 
Very Effective 29 21.3 
Number of Respondents=141 
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in this variable, with a mean of .53 and a standard deviation 
of 1.13. Table 3.18 shows the distribution of this variable. 
The majority of respondents (80.1%) did not use 
ornamental/tropical aquaculture manual, and of the 19.9% of 
those who used it, 8.5% viewed it as effective or very-
effective. The responses ranged 0-4 in this variable, with a 
mean of .41 and a standard deviation of 1.0. Table 3.19 shows 
the distribution of this variable. 
The large majority of respondents (87.2%) did not use the 
sturgeon manual. Only 2.8% viewed it as effective or very 
effective. The responses ranged 0-4 in this variable with a 
mean of .17 and a standard deviation of .65. Table 3.20 shows 
the distribution of this variable. 
Very few respondents (11.3%) used the red 
drum manual, and only 2.1% viewed it as an effective or very 
effective. The responses ranged 0-4 in this variable, with a 
mean of .15 and a standard deviation of .62. Table 3.21 shows 
the distribution of this variable. 
The majority of the respondents (86.5%) did not use the 
salmon manual and only 4.99% viewed it as an effective or very 
effective one. The responses ranged 0-4 in this variable, 
with a mean of .24 and a standard deviation of .79. Table 
3.22 shows the distribution of this variable. 
The majority of respondents (78%) did not use the 
crawfish manual and only 9.2% viewed it as an effective 
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Table 3.18 Effectiveness of walleye manual as perceived by 
high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 3 2.1 
Somewhat Effective 8 5.7 
Effective 12 8.5 
Very Effective 4 2.8 
Ntimber of Respondents=141 
Table 3.19 Effectiveness of ornamental/tropical Aquaculture 
manual as perceived by high school aquaculture education 
teachers 
Response Frequency Percentage 
Not Effective 4 2.8 
Somewhat Effective 6 4.3 
Effective 9 6.4 
Very Effective 3 2.1 
Number of Respondents=141 
Table 3.20 Effectiveness of sturgeon manual as perceived by 
high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 7 5.0 
Somewhat Effective 1 0.7 
Effective 2 1.4 
Very Effective 2 1.4 
Number of Respondents=141 
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Table 3.21 Effectiveness of red drum manual as perceived by-
high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 5 3.5 
Somewhat Effective 2 1.4 
Effective 1 0.7 
Very Effective 2 1.4 
Number of Respondents=141 
Table 3.22 Effectiveness of salmon fanning manual as 
perceived by high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 4 2.8 
Somewhat Effective 3 2.1 
Effective 5 3.5 
Very Effective 2 1.4 
Number of Respondents=141 
or very effective manual. The responses ranged 0-4 in this 
variable, with a mean of .46 and a standard deviation of 
1.03. Table 3.23 shows the distribution of this variable. 
Almost 30% of the respondents used the trout manual, and 
only 18.5% viewed it as effective or very effective. The 
responses ranged 0-4 in this variable, with a mean of .74 and 
a standard deviation of 1.32. Table 3.24 shows the 
distribution of this variable. 
Only 9.9% of the respondents used the shellfish culture 
manual, and only 2.1% described it as effective or very 
effective (Table 3.25). The responses ranged 0-4 in this 
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Table 3.23 Effectiveness of crawfish fanning manual as 
perceived by high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 5 3.5 
Somewhat Effective 8 5.7 
Effective 10 7.1 
Very Effective 3 2.1 
Nuinber of Respondents=141 
Table 3.24 Effectiveness of trout manual as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 4 2.8 
Somewhat Effective 6 4.3 
Effective 19 13.5 
Very Effective 7 5.0 
Niomber of Respondents=141 
Table 3.25 Effectiveness of shellfish culture manual as 
perceived by high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 5 3.5 
Somewhat Effective 1 0.7 
Effective 1 0.7 
Very Effective 2 1.4 
Number of Respondents=141 
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variable, with a mean of .13 and a standard deviation of .59. 
Only 9.2% of the respondents used the saltwater shrimp 
manual, and 2.1% viewed it as effective or very effective, 
responses ranged 0-4 in this variable, with a mean of .12 
and a standard deviation of .57. Table 3.26 shows the 
distribution of this variable. 
The manual, plant aguaculture, was used by 18.4% of the 
respondents, and 9.2% viewed it as effective or very 
effective. The responses ranged 0-4 in this variable, with a 
mean of .39 and a standard deviation of .98. Table 3.27 shows 
the distribution of this variable. 
Almost 20% of the respondents used the baitfish manual, 
and only 7.1% viewed it as effective or very effective. The 
responses ranged 0-4, with a mean of .39 and a standard 
deviation of .95. Table 3.28 shows the distribution of this 
variable. 
The striped bass manual was used by almost 20% of the 
respondents, and only 8.6% described it as effective or very 
effective. The responses ranged 0-4 in this variable, with a 
mean of .40 and a standard deviation of 1.05. Table 3.29 
shows the distribution of this variable. 
Almost 40% used the model aquaculture recirculatory 
system manual, and 26.2 described it as effective or very 
effective (Table 3.30). The responses of this variable ranged 
0-4, with a mean of 1.10 and a standard deviation of 1.53. 
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Table 3.26 Effectiveness of saltwater shrimp manual as 
perceived by high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 5 3.5 
Effective 1 0.7 
Very Effective 2 1.4 
Niiiiiber of Respondents=141 
Table 3.27 Effectiveness of plant aquaculture manual as 
perceived by high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 4 2.8 
Somewhat Effective 4 2.8 
Effective 11 7.8 
Very Effective 2 1.4 
Number of Respondents=141 
Table 3.28 Effectiveness of baitfish manual as perceived by 
high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 3 2.1 
Somewhat Effective 9 6.4 
Effective 8 5.7 
Very Effective 2 1.4 
Niamber of Respondents=141 
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Table 3.29 Effectiveness of striped bass manual as perceived 
by high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 5 3.5 
Somewhat Effective 4 2.8 
Effective 6 4.3 
Very Effective 5 4.3 
Missing 5 4.5 
Number of Respondents=141 
Table 3.30 Effectiveness of model aq[uaculture recirculation 
system as perceived by high school aquaculture education 
teachers 
Response Frequency Percentage 
Not Effective 3 2.1 
Somewhat Effective 10 7.1 
Effective 22 15.6 
Very Effective 15 10.6 
Number of Respondents=141 
The module entitled, Discovering the origins and 
opportunities in aquaculture, was used by 46.89% of the 
respondents, and it was viewed by 29.1% as effective or very 
effective. The responses ranged 0-4, with a mean of 1.23 and 
a standard deviation of 1.46. Table 3.31 shows the 
distribution of this variable. 
The module entitled, discovering plants and animals in 
aquaculture, was used by 45.4% of the respondents, and 27% 
perceived it as effective or more effective (Table 3.32). The 
responses ranged 0-4 in this variable, with a mean of 1.18 and 
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Table 3.31 Effectiveness of discovering the origins and 
opportxmities in aquaculture (Module I) as perceived by high 
school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 4 2.8 
Somewhat Effective 16 11.3 
Effective 33 23.4 
Very Effective 8 5.7 
Number of Respondents=141 
Table 3.32 Effectiveness of discovering plants and Animals in 
Aquaculture (Module II) as perceived by high school 
aquaculture education teachers 
Response Frequency Percentage 
Not Effective 5 3.5 
Somewhat Effective 16 11.3 
Effective 29 20.6 
Very Effective 9 6.4 
Number of Respondents=141 
a standard deviation of 1.46. 
A large percentage of the respondents (44.49%) used the 
manual entitled, using water (Module III), and 31.2% viewed it 
as effective or more effective. The responses ranged 0-4 
in this variable, with a mean of 1.27 and a standard deviation 
of 1.57. Table 3.33 shows the distribution of this variable. 
Almost half of the respondents (44.7%) used the module 
entitled, farming in water (Module IV), and 31.2% viewed it as 
effective (Table 3.34). The responses ranged 0-4 in this 
variable, with a mean of approximately 1.21 and a standard 
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Table 3.33 Effectiveness of using water (Module III) as 
perceived by high school aquaculture education teachers 
Response Frequency Percentage 
Somewhat Effective 3 2.1 
Somewhat Effective 11 7.8 
Effective 29 20.6 
Very Effective 15 10.6 
Nuinber of Respondents=141 
Table 3.34 Effectiveness of fanning in water (Module IV) as 
perceived by high school aquaculture education teachers 
Response Frequency Percentage 
Not Effective 5 3.5 
Somewhat Effective 9 6.4 
Effective 35 24.8 
Very Effective 9 6.4 
Nuinber of Respondents=141 
deviation of 1.50. 
The module, planning and managing an aquabusiness (Module 
V) , was used by 42.6% of the respondents, and 22.7% described 
it as effective or very effective (Table 3.35). The responses 
ranged 0-4 in this variable, with a mean of 1.06 and a 
standard deviation of 1.41. 
In general, it was found that 78% of the respondents used 
the National Council for Agriculture Education's 
manuals and 54.7% of the respondents identified them as an 
important or very important innovation. Table 3.36 shows the 
importance of those manuals as perceived by the respondents. 
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Table 3.35 Effectiveness of Planning and Managing an 
Aquabusiness (Module V) as perceived by high school 
aquaculture education teachers 
Response Frequency Percentage 
Not Effective 7 5.0 
Somewhat Effective 16 11.3 
Effective 23 16.3 
Very Effective 9 6.4 
Missing 5 3.5 
Niomber of Respondents=141 
Table 3.36 Importance of National Council for Agricultural 
Education's manuals as perceived by high school aquaculture 
education teachers 
Response Frecpiency Percentage 
Not Important 5 3.5 
Somewhat Important 24 17.0 
Important 39 27.7 
Veiry Important 38 27.0 
Nxmber of Respondents=141 
3.3. Variable Operationalization 
3.3.1 Dependent Variables 
Innovation is defined as an idea, or practice, or object 
that is perceived as new by a high-school teacher. Similarly, 
innovativeness, the dependent variable, is defined as the 
degree to which a high-school teacher is relatively earlier in 
adopting an innovation than others (Rogers, 1983). 
Aquaculture teaching technological innovativeness was 
measured with a scale that sums the level of use over ten 
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educational innovations related to high-school aquaculture 
education. In the study, aquaculture technological 
iimovativeness was measured by the question "How important 
are the following technologies for your aquaculture program? 
Rate their importance using the following scale where: l=Not 
Important, 2=Some Important, 3=Important, and 4=Very 
Important." The high-school aquaculture education 
technological innovations, used in this study, were: cage, 
pond, raceway, pen, monoculture, fish hatchery, integrated 
fish farm, polyculture, equipped transporting tank, and 
bioengineering fish species." Each respondent was asked to 
use one of the four responses for each of the previously 
mentioned high school aquaculture education technological 
innovations. In the following few lines, the importance of 
each variable separately was indicated as the following: 
Almost half of the respondents (46.8%) used cage 
aquaculture, and only 13.9% viewed it as an important or very 
important innovation. The responses ranged 0-4 in this 
variable, with a mean of approximately .98 and a standard 
deviation of 1.23. Table 3.37 shows the distribution of this 
variable. 
Almost half of the respondents (44.9%) used pond as an 
innovation (Table 3.38). Only, 14.2% of the respondents 
reported that it is important or very important. The 
responses ranged 0-4 of in fish pond, with a mean of .96 and 
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Table 3.37 Importance of cage aquaculture as perceived by 
aquaculture high school education teachers 
Importance Frequency Percentage 
Not Important 15 10.6 
Somewhat Important 27 19.1 
Important 15 10.6 
Very Important 5 3.5 
Number of Respondents= :141 
Table 3.38 Importance of pond as perceived by aquaculture 
high school education teachers 
Importance Frequency Percentage 
Not Important 18 12.4 
Somewhat Important 22 15.6 
Important 11 7.8 
Very Important 9 6.4 
Niomber of Respondents=141 
a standard deviation of 1.28. 
Raceway was not used by eighty five of the respondents 
(60.3%). Among those who used it (39.7%), Only 6.4% perceived 
it as important or very important. The responses ranged 0-4 
in raceway, with a mean of .67 and a standard deviation of 1. 
Table 3.39 shows the distribution of this variable. 
Pen aquaculture was used by 40.4% of the respondents, and 
8.5 viewed it as important or very important. The responses 
ranged 0-4 in pen, with a mean of .74 and a standard deviation 
of approximately 1.08. Table 3.40 shows the distribution of 
this variable. 
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Table 3.39 Importance of raceway as perceived by aguaculture 
high school education teachers 
Importance Frequency Percentage 
Not Important 23 16.3 
Somewhat Important 20 14.2 
Important 7 5.0 
Very Important 2 1.4 
Number of Respondents=141 
Table 3.40 Importance of pen aquaculture as perceived by 
aquaculture high school education teachers 
Importance Frequency Percentage 
Not Important 20 14.2 
Somewhat Important 21 14.9 
Important 9 6.4 
Very Important 3 2.1 
Number of Respondents=141 
Monoculture was used by 55.3% of the respondents, and 
20.6% viewed it as important or very important. The responses 
ranged 0-4 in this variable, with a mean of 1.26 and a 
standard deviation of 1.32. Table 3.41 shows the distribution 
of this variable. 
Fish hatchery was not used by 65 of the respondents 
(46.1%) and 27% identified it as important or very important. 
The responses ranged 0-4 in this variable, with a mean of 1.36 
and a standard deviation of 1.43. Table 3.42 shows the 
distribution of this variable. 
Integrated fish farming was used by 42.6% of the 
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Table 3.41 Importance of monoculture as perceived by 
aguaculture high school education teachers 
Importance Frequency Percentage 
Not Important 12 8.5 
Somewhat Important 33 23.4 
Important 22 15.6 
Very Important 7 5.0 
Number of Respondents=141 
Table 3.42 Importance of fish hatchery as perceived by 
aquaculture high school education teachers 
Importance Frequency Percentage 
Not Important 6 4.3 
Somewhat Important 28 19.9 
Important 28 19.9 
Very Important 10 7.1 
Number of Respondents=141 
respondents, and only 14.9% viewed it as an important or very 
important innovation for high school aquaculture education. 
The responses ranged 0-4 in this variable, with a mean of .92 
and a standard deviation of 1.23. Table 3.43 shows the 
distribution of this variable. 
Polyculture was used by 51.8% of the respondents, and 
only 13.9% viewed it as important or very important. The 
responses ranged 0-4 in this variable, with a mean of 1.11 and 
a standard deviation of 1.24. Table 3.44 shows the 
distribution of this variable. 
Equipped transporting tank was used by almost half of the 
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Table 3.43 Importance of integrated fish farming as perceived 
by aquaculture high school education teachers 
Importance Frequency Percentage 
Not Important 
Somewhat Important 
Important 
Very Important 
10 
25 
18 
3 
7.1 
17.7 
12.8 
2.1 
Number of Respondents=141 
Table 3.44 Importance of polyculture as perceived by 
aquaculture high school education teachers 
Importance Frequency Percentage 
Not Important 
Somewhat Important 
Important 
Very Important 
11 
38 
15 
5 
7.8 
27.0 
10.6 
3.5 
Number of Respondents=141 
respondents (44.7%), and 11.3% stated that it is an important 
or very important innovation for high school aquaculture 
education. The responses ranged 0-4 in this variable, with 
a mean of .88 and a standard deviation of 1.18. Table 3.45 
shows the distribution of this variable. 
Bioengineering fish species, as an innovation, was 
used by 43.3% of the respondents, and 14.2% perceived it as 
important or very important. The responses ranged 0-4 in this 
variable, with a mean of .90 and a standard deviation of 1.25. 
Table 3.46 shows the distribution of this variable. 
Aquaculture technological innovativeness, as the sum 
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Table 3.45 Importance of equipped transporting tank as 
perceived by aquaculture high school education teachers 
Importance Frequency Percentage 
Not Used 78 55.3 
Not Important 18 12.8 
Somewhat Important 25 17.7 
Important 11 7.8 
Very Important 5 3.5 
Number of Respondents=141 
Table 3.46 Importance of bioengineering fish as perceived by 
aquaculture high school education teachers 
Importance Frequency Percentage 
Not Used 80 56.7 
Not Important 18 12.8 
Somewhat Important 19 13.5 
Important 13 9.2 
Very Important 7 5.0 
Number of Respondents=141 
score of ten innovations, ranged 0-20, with a mean of 
approximately 17 and a standard deviation of 3.74. 
3.3.2 Independent Variables 
The independent variables used in this study were: 
(1) High school aquaculture Teachers Commitment, Perceptions, 
Attitudes, and Demographics; (2) High School Structure; and 
(3) Characteristics of High School Aquaculture Education; 
(4) Availability of Communications Channels; 
(5) Organizations Involved in Supporting High School 
100 
Aquaculture Education; (6) High School Activities for Local 
Community Economic Development; (7) Linkages with other High 
Schools, (8) Barriers to Aquaculture Education in High School, 
(9) Local, Federal, and State Laws and Regulations, (10) High 
School Location (State) ; and (11) Year of Adopting Aquaculture 
Education by High school Teachers and Schools 
3.3.2.1 High School Aquaculture Teachers' Commitment. 
Perceptions. Attitudes, and Demographics 
Aquaculture high school teacher's perceptions, attitudes, 
and demographic attributes, as independent variables, were 
viewed by Rogers (1983), Tsui et al. (1989), and Marsh et 
al.(1981) as of the most important independent variables 
affecting technological innovativeness. In this study, high 
school aquaculture teachers commitment, perceptions, and 
demographics was divided into: (1) High School Aquaculture 
Teachers' Commitment, Perceptions, and Attitudes; and (2) High 
School Aquaculture Education Teachers' Demographics. 
3.3.2.1.1 High School Aauaculture Teachers' 
Commitment. Perceptions, and Attitudes 
High school aquaculture teachers' commitment , 
perceptions, and attitudes included: (1) Perceptions of 
Aquaculture Industry and High School Aquaculture Education; 
(2) Future Ejjpectation of High School Aquaculture Education 
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Classes; (3) Future Ejqjectation of High School Aquaculture 
Student Enrollment; (4) High School Teacher' s' Scientific 
Orientation; (5) high School Teachers' Self Determination. 
3.3.2.1.1.1 Perceptions of Acfuaculture Industry and 
High School Aquaculture Education These attitude variables 
were measured by the question: "Here, you will find some 
statements related to aquaculture, and we would like to know 
to what extent you agree or disagree with the following 
statements. Please use the following scale and circle your 
responses where: 1 = strongly disagree, 2 = disagree, 3 = 
undecided, 4 = agree, and 5 = strongly agree." 
ATTITl was the surrogate sxam of four item scale. The 
four statements used in combining this variable were: 
aquaculture is a form of agriculture, the world's waters are 
being overfished, the world's aquaculture industry will 
continue to grow, and there will be more job opportunities in 
aquaculture in the future. 
ATTIT2 was computed as the summated score of two items: 
"training for aquaculture teachers is important, and 
availability of aquaculture teaching facilities is important." 
ATTIT3 was the sum score of four variables. Those 
variables were: "environmental restrictions will not limit 
the aquaculture industry, availability of highly qualified 
aquaculture high school teachers is important, the high school 
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aquaculture teaching program is overall effective, and 
aquaculture courses should emphasize applications more than 
theories." 
ATTIT4 was the sxammated score of three variables: 
"aquaculture courses should be taught in high school, 
availability of supportive administration is important for 
aquaculture high school teaching, and high interest among 
students is important for high school teaching." 
3.3.2.1.1.2 Future Expectation of High School 
Aquaculture Education Classes This variable (CLASS) was 
measured by the question: "in the next five years, do you 
expect the number of aquaculture classes taught in your school 
to: 1 = increase, 2 = remain the same (constant), 3 = 
decrease." The majority of respondents (66%) expected that 
aquaculture classes will remain the same (constant) in the 
next five years. Three of the respondents (2.1%) expected 
that the classes will decrease in the next five years. Table 
3.47 shows the distribution of this variable. 
3.3.2.1.1.3 Future Expectation of high school 
Aguaculture Student Enrollment This variable (ENROLL) was 
measured by the question: "In the next five years, do you 
expect the number of students in your school aquaculture 
program will: 1 = increase, 2 = remain the same (constant). 
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Table 3.47 High school aquaculture education teachers ' 
expectations to the number of high school aquaculture 
education classes during the next five years 
Response Frequency Percentage 
Increase 41 29.1 
Remain the same 93 66.0 
Decrease 3 2.1 
Number of Respondents=141 
and 3 = decrease." The responses ranged 1-3 in this variable, 
with a mean of 1.61 and a standard deviation of .53. Seventy 
seven of the respondents (54.6%) expected that the number of 
students in high school aquaculture program will remain the 
same. Very few of the respondents (2.1%) expected that the 
number of students will decrease. Table 3.48 shows the 
distribution of this variable. 
3.3.2.1.1.4 High School Aquaculture Education 
Teacher's Scientific Orientation This variable (SCIOR) was 
the surrogate sum of the three variables: "I have to keep 
trying out new scientific practices, the best way to compete 
is to apply the latest scientific research findings, and 
accepting risk is a part of advancement in life." The 
respondents were asked to choose one of the responses: 
1 = strongly disagree, 2 = disagree, 3 = undecided, 4 = agree, 
and 5 = Strongly agree. 
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Table 3.48 High school aquaculture education teachers' 
expectations to the niimber of high school aquaculture 
education student enrollment during the next five years 
Response Frequency Percentage 
Increase 56 39.7 
Remain the same 77 54.6 
Decrease 3 2.1 
Number of Respondents=141 
3.3.2.1.1.5 High School Aquaculture Teacher's Self 
Determination This variable was the sum score of the two 
variables: "I am usually able to protect my own personal 
interest, and to a reasonable degree, I can pretty much 
determine what is happening in my life." Each respondent was 
asked to rank his response where: 1 = strongly disagree, 2 = 
disagree, 3 = undecided , 4 = agree, and 5 = strongly agree. 
3.3,2.1.2 High School Acaiaculture Education 
Teachers' Demographics 
High school aquaculture teachers' demographics included: 
(1) Age; (2) Gender; (3) Highest Level of Formal Education 
Completed; (4) Organizational Membership; (5) Tenure; (6) Past 
Experiences in Aquaculture or any other Related Field; 
(7) Cosmopolitancy; (8) Year of Awareness; and (9) Formal 
Training. 
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3.3.2.1.2.1 Age High school aquaculture 
education teachers age was measured by the question " 
your present age in years." Each respondent was asked to 
write his response. Age of the respondents ranged 23-59, with 
a mean of 38.49 years and a standard deviation of 8.59. 
A large percentage of the respondents (43.26%) were in 
the category 23-33 years of age. The least percentages of 
respondent (7.09%) fell in the category more than 55 years of 
old. This indicated that most of the respondents were almost 
within the same range of ages (Table 3.49). 
3.3.2.1.2.2 Gender High school aquaculture 
teacher gender was measured by the question "what is your 
gender?" Each respondent was asked to choose one of the two 
responses: 1 = female, 2 = male. The majority of the 
respondents (92.2%) were male and only 6.4% were female (Table 
3.50). 
3.3.2.1.2.3 Highest Level of Formal Education 
Completed Highest level of formal education completed by 
aquaculture high school teachers was measured by the question 
"What is the highest level of formal education you have 
completed?". The respondents were asked to choose the items 
fit their conditions: 1 = Bachelor's degree, 2 = Master's 
degree, and 3 = Doctor's degree. 
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Table 3.49 Age of high school aquaculture education teachers 
Age Frequency Percentage 
23-33 43 30.49 
34-44 61 43.26 
45-55 27 19.14 
more than 55 10 7.09 
Number of Respondents=141 
Table 3.50 Gender of high school aquaculture education 
teachers 
Response Frequency Percentage 
Male 9 6.4 
Female 130 92.2 
Number of Respondents=141 
Seventy one of the of the respondents (46.1%) have 
bachelor degree and 50.4 % have master degree (Table 3.51). 
The responses ranged 1-2 in education, with a mean of 1.52 and 
a standard deviation of .50. 
3.3.2.1.2.4 Organizational Membership This 
variable was the surrogate sxjm of all each respondent 
different organizational membership. ORGMEMB was measured by 
the question "indicate your membership and/or leadership in 
the following organizational categories: teaching 
organizations, agricultural organization, aquaculture 
organization, and civic organization." Each respondent was 
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Table 3,51 Highest level of formal education completed by-
high school aquaculture education teachers 
Level of Education Frequency Percentage 
Bachelor 65 46.1 
Master 71 50.4 
Niimber of Respondents=141 
asked to indicate his position in those organizations (officer 
in the past or present) . For each organizational 
membership, the respondents were asked to choose one of two 
responses where: 1 = Yes, and 2 = No. 
Table 3.52 shows the respondents' organizational 
memberships. Tables 3.53 and 3.54 shows the specific 
organizations of aquaculture and civic organizations in which 
the respondents have, or had, memberships. 
3.3.2.1.2.5 Tenure In this study, tenure was 
measured in terms of the period of time the teacher spent in 
teaching (TENUREl), number of years teaching agriculture 
(TENURE2), n-umber of years teaching aquaculture (TENURE3), and 
number of years teaching in the present school (TENURE4) , 
These variables were measured respectively by the 
questions: number of years teaching experience, 
n^umber of years teaching agriculture, nxmiber of 
years teaching aquaculture, n^xjmber of years in your 
present school. For each question, the respondents were asked 
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Table 3.52 High school teachers' organizational memberships 
Organizational Frequency Percentage 
Teaching orgaziizations 
Not an officer 43 30.5 
Yes an officer 92 65.2 
Agricultural organizations 
Not an officer 31 22.0 
Yes an officer 86 61.0 
Not a member 18 12.8 
Aquaculture organizations * 
Not an officer 39 28.0 
Yes an officer 74 53.0 
Not a member 89 63.0 
Civic orgauiizations* 
Not an officer 24 17.0 
Yes an officer 76 53.0 
Not a member 35 24.0 
Niomber of Respondents=141; Average of three responses 
Table 3.53 Different organizations in which the respondents 
have memberships 
Organization Frequency Percentage 
State aquaculture committee 1 0.7 
State ag. teaching assoc. 21 5.0 
National ag teachers assoc. 7 5.0 
National Tilapia Association 7 5.0 
National Ag. Assoc. 1 0.7 
National Vocational Assoc. 1 0.7 
Jeff Agribusiness 8 5.7 
National Hampshire 1 0.7 
Sheep Association 1 0.7 
Extension board 1 0.7 
NEA 2 1.4 
Respondent (N=141) could provide to maximum three answers 
109 
Table 3.54 Civic organizational memberships of high school 
aquaculture teachers 
Organization Frequency Percentage 
FFA Aliamni 4 2.8 
Lions 22 15.6 
Voluntary Ambulance Service 1 0.7 
Church Council 17 12.1 
Pumpkin Patrol 1 0.7 
Youth Hockey 2 1.4 
4-H Leaders 5 3.5 
Baunn Co. Livestock 2 1.4 
Farm Bureau 3 2.1 
Civic & Commerce 1 0.7 
Jayees 30 21.3 
Eagle 1 0.7 
Commxinity Group 2 1.4 
Ag. Society 1 0.7 
Betterment Communities 1 0.7 
Fair Board 2 1.4 
Wildlife League 1 0.7 
Habitat for Humanity 1 0.7 
Sierra Club 1 0.7 
Natural Resources 1 0.7 
District Association 1 0.7 
Chamber of Commerce 1 0.7 
YMCA 1 0.7 
County Council 1 0.7 
KIWANIS 4 2.8 
FAIR 3 2.1 
EIRS 1 0.7 
lAVAT 1 0.7 
Legion 2 1.4 
IL Nights of Columbus 2 1.4 
District Union (DU) 1 0.7 
Fire Department 3 2.1 
LIB 1 0.7 
Road Association 1 0.7 
BSA 1 0.7 
Masonic Lodge 1 0.7 
KOFC 2 1.4 
Respondents {N=141) could provide maximum three answers 
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to write their responses. 
The responses ranged 1-35 in total nioitiber of years in 
teaching (TENURED with a mean of 14.8 and a standard 
deviation of 8.11. The responses ranged 1-36 in niimber of 
years in teaching agriculture (TENURE2), with a mean of 14.32 
and a standard deviation of 7.81. 
The responses ranged 0-20 in total years of teaching 
aquaculture (TENURES), with a mean of 3.58 and a standard 
deviation of 2.48. The responses ranged 0-32 in nximber of 
years spent by the respondents in the present school 
(TENURE4), with a mean of 11.31 and a standard deviation of 
7.69. 
3.3.2.1.2.6 Past Experiences in Acaiaculture or anv 
other Related Field This variable (INTEREST) was measured 
as the surrogate sum of the variables: "Employment experience 
in aquaculture, interested in natural resources/conservation, 
interested in sport fishing, taken classes in aquaculture; and 
teach natural resources in agriculture program." 
The respondents were asked to choose one of the responses 
for each of those questions: 1 = Yes, and 2 = No. 
3.3.2.1.2.7 Cosmoploitancv Cosmopolitancy is 
the degree to which an individual's orientation is external to 
his social system (Eichhloz et al., 1977). This variable 
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(COSMO) was measured as the surrogate sum of the two 
questions: "do you have any foreign language training or 
speak a languages other than English?", and "during the past 
five years, have you traveled outside the United States?" The 
respondents were asked to choose one of the responses: "1 = 
Yes, and 2 =No." Responses ranged 0-2 in COSMO, with a mean 
of .34 and a standard deviation of .59. 
Tables 3.55 and 3.55 show that the majority of 
respondents (84.4%) did not know any other language other than 
English and the majority of respondents (77.3%) did had not 
travel outside the Unites State. 
Table 3.55 Foreign language training, or speak a language 
other than English, as reported by high school aquaculture 
education teachers 
Response Frequency Percentage 
No 
Yes 
119 
18 
84.4 
12.8 
Number of Respondents= 141 
Table 3.56 
high school 
Travel outside the United states as reported by 
aquaculture education teachers 
Response Frequency Percentage 
No 
Yes 
109 
28 
77.3 
19.9 
Number of Respondents= =141 
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3.3.2.1.2.8 Year of Awareness In order to 
measure AWARENESS, each respondent was asked to write the year 
he first heard about aquaculture being taught in high 
school agriculture program. The responses ranged 1976-1995 in 
this variable, with a mean of 1989, and a standard deviation 
of 2.93. Table 3.57 shows the distribution of this variable. 
3.3.2.1.2.9 Formal Training This variable 
(TRAINING) was measured by the question "have you had any 
formal training in aquaculture education teaching, such as 
vocational or technical training as well as college courses?" 
Respondents were asked to choose one of the responses "l=Yes, 
and 2=No." 
Table 3.57 Year the respondent became aware for the first 
time about aquaculture being taught in high schools 
Year Frequency Percentage 
1971 1 0.7 
1980 2 1.4 
1982 2 1.4 
1984 4 2.8 
1985 6 4.3 
1986 4 2.8 
1987 5 3.5 
1988 15 10.6 
1989 19 13.5 
1990 34 24.1 
1991 15 10.6 
1992 18 12.8 
1993 11 7.8 
1994 1 0.7 
1995 1 0.7 
Number of Respondents=141 
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The majority of the respondents (63%) attended formal 
training programs and only 34% of the respondents did not 
attend any formal training programs (Table 3.58). The 
responses ranged 0-1 in attending formal training, with a mean 
of .65 and a standard deviation of .48. 
The respondents who attended formal training obtained 
training in workshops, or training programs in aquaculture 
curriculxom (48.2%), followed by technical aquaculture 
workshops or training programs (41.1%). Table 3.59 shows 
types of formal training attended by the respondents. 
Each respondent had the choice to indicate, as a 
maximum, three formal training programs he attended. 
3.3.2.2 High School Structure 
High school structure includes formalization, complexity, 
interconnectedness, resources, and size. In this study, size 
and resources only were used. Size included high school size, 
agriculture program size, and aquaculture program size. 
3.3.2.2.1 High School Size. Agriculture Program 
Size, and Aquaculture Program Size 
Size can be measured by different criteria and with a 
high accuracy. In this study, the questions used to measure 
size of high school were by asking the respondents to write 
their responses where: total high-school enrollment 
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Table 3.58 Attending formal training by high school 
aquaculture education teachers 
Formal Training Frequency Percentage 
No 48 34.0 
Yes 89 63.1 
Number of Respondents=141 
Table 3.59 Types of formal training attended by high school 
aquaculture education teachers 
Level of Education Frequency Percentage 
Technical Aquaculture Workshops, 
or Training Programs 58 41, .1 
University Courses in Aquaculture 16 11, .3 
Symposiums about Aquaculture 
Teaching 26 18, .4 
Training Programs in Aquaculture 
Management 11 7, .8 
Training Programs in Aquaculture 
Teaching Methodology 14 9, .9 
Workshops, or Training Programs, 
in Aquaculture Curriculum 68 48, .2 
Respondents (N=141) could provide more than one answer 
(SIZED, and total number of high school teachers 
(SIZE4). 
Size of agriculture program was measured by asking each 
respondent to write " High school agriculture 
enrollment (SIZE2) , and nimber of teachers in agriculture 
program (SIZES) . Size of aquaculture program was measured by 
asking the respondents to write the numbers of: " h^igh 
school aquaculture enrollment {SIZE3), and n^umber of 
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aquaculture classes taught {SIZE6)." 
Size of high school was measured by nxomber of total 
students enrollment (SIZED and total nuinber of school 
teachers (SIZE4). Size of agriculture program was measured by 
the total number of students in agriculture program {SIZE2) 
and niomber of teachers in agriculture program. Size of high 
school aquaculture program was measured by the number 
aquaculture of teachers in aquaculture program (SIZES), and 
number of classes, or units taught in the program (SIZE6). 
3.3.2.2.2 High School Resources 
Loans, grants, or financing from different sources are 
considered resources. High-school resources (RESOURCE) is 
used as an indicator of aquaculture-program resources. Every 
high school teachers was asked: "Does your school have enough 
resources to finance the aquaculture teaching program?" The 
majority of respondents (59.5%) viewed that their schools have 
enough resources, and only 30.5% of the respondents reported 
that their schools do not have enough resources (Table 3.50). 
The responses ranged 0-1 in this variable, with a mean of .70 
and a standard deviation of .46. 
Operationalization of characteristics of high school 
aquaculture education, availability of commxinication channels, 
organizations involved in supporting high school aquaculture 
education will be explained in the next few pages. 
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Table 3.60 Availability of sufficient financial resources to 
finance aquaculture programs in high schools 
Response Frec[uency Percentage 
No 43 30.5 
Yes 98 69.5 
Number of Respondents=141 
3.3.2.3 Characteristics of Hiah School Acniaculture 
Education 
Several aquaculture education attributes are believed to 
be important for choosing appropriate technological 
innovations. These factors can facilitate or hinder its 
technological innovativeness. 
In order to measure some of these attributes, the 
important, 3 = Important, and 4 =Very important. 
ATTRIBl is the surrogate sum of seven item scale. This 
variable includes: "aquaculture education provides more 
prestige or status for the high school agriculture program, 
fits easily into the high school agricultural education 
curriculum, it meets the need to teach more science in 
agricultural education, aquaculture education motivates 
students, aquaculture education addresses community 
expectations, it is interesting to teachers, and school 
administrators support teaching aquaculture." 
ATTRIB2 is the surrogate sum scores of three items: "it 
has a positive effect on the environment, it relates to 
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natural resources/conservation, and it relates to outdoor 
recreation/sport fishing." 
ATTRIB3 is the surrogate sum score of three items: "it 
will result in more students going to college/post-secondary 
education, it will result in economic development in the 
surrounding community, and aquaculture education is needed in 
your state." 
ATTRIB4 is the surrogate sxom of two items: "it is easy 
to start teaching aquaculture in high school agriculture 
program (simplicity) , and it is possible to try out teaching 
aquaculture on a small scale before making a final decision 
(trialability)." 
3.3.2.4 Availability of Communication Channels 
A channel of communication used at the awareness stage 
was measured by the question "How did you first learn about 
aquaculture?" Each respondent was asked to choose only one of 
the category "At a conference, workshop or a course; From 
other teachers or peer friends. From a visit to extension 
service, research center, or a university, from an aquaculture 
producers or supplier. From a magazine or any other printed 
materials, and From mass media (TV, radio, etc.). 
Table 3.61 shows the importance of each means of 
communication in the awareness stage. 
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Table 3.61 Importance of different means of communication in 
the awareness stage 
Means Frequency Percentage 
Conference, workshop, or a course 97 58.8 
Other teachers or peers 32 22.7 
Visit to extension service, 
research center, or a university 2 1.4 
Aquaculture producer or supplier 4 2.8 
Magazine or any other printed 
materials 4 2.8 
From mass media (TV, radio, etc.) 2 1.4 
Number of Respondents=141 
In order to measure the importance of different means of 
communication in adoption of high school aquaculture education 
in the present and future time, the respondents were asked to 
rate the importance of different sources of information using 
the four-item scale where: 1 = Not important, 2 = Somewhat 
important, 3 = Important; and 4 = Very important. 
COMCAl is the surrogate sum of four variables: "visit to 
aquaculture research center or \iniversity, extension service, 
professionals, dealers, or researchers; workshop, field day, 
or tour; posters, pamphlets, bulletins, or any other printed 
materials; and training programs, courses, conferences, or 
symposiums." Table 3.62 shows the importance of each elements 
of COMCAl as reported by the respondents before combining them 
together. 
C0MCA2 is the surrogate sum of four variables: "mass 
media (newspapers, magazines, TV, radio); electronic mail, or 
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Table 3.62 Importance of different means of commiinication 
(COMCAl) in adopting high school aquaculture education as 
perceived by high school aquaculture education teachers 
Means of Communication Frequency Percentage 
Sc. Response 
Workshop, £ield day, or tour 
Not Important 4 2.8 
Somewhat Important 2 1.4 
Important 41 29.1 
Very Important 89 63.1 
Training programs, courses, conferences, or symposiums 
Not Important 4 2.8 
Somewhat Important 8 5.7 
Important 46 32.6 
Very Important 78 55.3 
Visit to ag:uaculture research center or university, 
extension service, professionals, dealers, or 
researchers 
Not Important 2 1.4 
Somewhat Important 13 9.2 
Important 47 33.3 
Very Important 74 52.5 
Posters, painphlets, bulletins, or any other printed 
materials 
Not Important 5 3.5 
Somewhat Important 45 31.9 
Important 53 37.6 
Very Important 33 23.4 
Number of Respondents=141 
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internet, or any other computer means; and aquaculture 
equipment sales personnel." The responses ranged 12-16 in 
C0MCA2, with a mean of 11.04 and a standard deviation of 2.29. 
Table 3.63 shows the importance of each element of C0MCA2 
before combining them together. 
3.3.2.5 Organizations Involved In Supporting High School 
Aguaculture Education 
Importance of different organizations involved in 
supporting high school aquaculture education (ORG) was 
measured by the question: "To what extent do you feel the 
following are important contributors to assisting high schools 
in starting and maintaining an aquaculture program?" 
Organizations' list included "Colleges and universities. State 
Cooperative Extension, State Department of Natural Resources, 
State Department of Education, Private Aquaculture Industry, 
U. S. Department of Agriculture, U. S. Department of 
Education, and National Council for Agricultural Education." 
ORG is the surrogate sum of the nine organizations. 
Each respondent was asked to rank his response by using the 
scale where: 1 = Not important, 2 = Somewhat important, 
3 = Important, and 4 = Veiry important. Table 3.64 shows the 
distribution of different items of ORG before combining them 
in one variable, ORG. Private aquaculture industry was 
perceived by the majority of respondents (80.1%) as the most 
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Table 3.63 Importance of different means of communication 
(C0MCA2) in adopting high school aquaculture education as 
perceived by high school aquaculture education teachers 
Means of Communication Frequency Percentage 
& Response 
Talking with friends, producers, or neighbors 
Not Important 4 2.8 
Somewhat Important 11 7.8 
Important 60 42.6 
Very Important 60 42.6 
Hass media (newspapers, magazines, Tv, radio) 
Not Important 16 11.3 
Somewhat Important 36 25.5 
Important 52 36.9 
Very Important 31 22.0 
Electronic mail (e-mail), or internet, or any other 
con^uter me2uis 
Not Important 31 22.0 
Somewhat Important 50 35.5 
Important 42 29.8 
Very Important 12 8.5 
Niomber of Respondents=141 
important or very important organization in supporting high 
school aquaculture education, followed by the National Council 
for Agricultural education (75.9%). 
3.3.2.6 High School Activities for Local Communitv 
Economic Development 
COMDEV is the surrogate sum of four item scale. This 
variable was measured by the question "As a result of teaching 
aquaculture in your school district, which of the following 
activities have you observed? 
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Table 3.64 Importance of different organizations involved 
in supporting high school aquaculture education programs as 
perceived by high school aquaculture education teachers 
Organization & Response Frequency Percentage 
Private aquaculture industry 
Not Important 5 3.5 
Somewhat Important 17 12.1 
Important 43 30.5 
Very Important 70 49.6 
National Council for Agricultural Education 
Not Important 9 6.4 
Somewhat Important 20 14.2 
Important 44 31.2 
Very Important 63 44.7 
Colleges cuid universities 
Not Important 9 6.4 
Somewhat Important 21 14.9 
Important 50 35.5 
Very Important 55 39.0 
State department of natural resources 
Not Important 9 6.4 
Somewhat Important 26 18.4 
Important 53 37.6 
Very Important 48 34.0 
State cooperative extension 
Not Important 15 10.6 
Somewhat Important 30 21.3 
Important 52 36.9 
Very Important 39 27.7 
State department of agriculture 
Not Important 15 10.6 
Somewhat Important 32 22.7 
Important 56 39.7 
Very Important 31 22.0 
U. S. Department of Agriculture 
Not Important 12 8.5 
Somewhat Important 41 29.1 
Important 54 38.3 
Very Important 28 19.9 
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Table 3.64 (Continued) 
Organization & Response Frequency Percentage 
State departmezit of education 
Not Important 
Somewhat Important 
Important 
Very Important 
23 
34 
45 
33 
16.3 
24.1 
31.9 
23.4 
n. S. Depeurtment o£ Education 
Not Important 
Somewhat Important 
Important 
Very Important 
27 
50 
40 
18 
19.1 
35.5 
28.4 
12.8 
Number of Respondents=141 
The items used in COMDEV were "one or more residents has 
started an aquaculture enterprise, the students in aquaculture 
have competed for awards related to aquaculture through FFA, 
and the aquaculture program has worked cooperatively with a 
commercial aquaculture procedures." The responses ranged 
0-3, in COMDEV, with a mean of .75 and a standard deviation of 
.9. 
3.3.2.7 Linkages with other High Schools 
Linkages with other schools, as a variable, was measured 
by the question: "Does your school have any linkages, 
arrangements, or agreements with other schools teaching 
aquaculture. Respondents were asked to choose one of the 
answers: l=Yes, and 2=No. 
The majority of the respondents (96%) indicated that 
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there are no linkages with other high schools and 4% viewed 
that there are some linkages with other high schools. The 
responses ranged 0-1 in this variable, with a mean of .04 
and a standard deviation of .20. Table 3.65 shows the 
distribution of this variable. 
3.3.2.8 Barriers to Acniaculture Teaching in High Schools 
This variable was measured by the question "From your 
experience, how important are the following barriers to 
implementing an aquaculture education program? The 
respondents were asked to specify the importance of each of 
these barriers by using the scale where: 1 = Not important, 
2 = Somewhat important, 3 = Important, and 4 = Very important. 
LIMITl was computed as the surrogate siam of five item 
scale. This compound variable includes: "inflexible state 
curriculum requirements, limited student interest in 
aquaculture, restrictive environmental regulations, state laws 
and regulations, federal laws and regulations." 
Limit2 was used as the composite score of three item 
scale. These items are: "high cost of remodeling facilities 
for aquaculture, high cost of equipment to teach aquaculture, 
and high cost of utilities (water, electricity)." 
LIMIT3 was computed as the surrogate sxim of three item 
scale. These items were: need to take care of fish on 
weekends and holidays, possibility of fish die off, and 
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Table 3.65 Availability of linkages with other high schools 
as perceived by high school aquaculture education teachers 
Response Frequency Percentage 
No 135 95.7 
Yes 6 4.3 
Niiinber of Respondents=141 
possibility of fish odors in school. 
LIMIT4 was used as the sum score of two item scale. 
These two items are: limited local aquaculture industry, and 
limited job opportunities in aquaculture. 
LIMIT5 was computed as the composite score of: low 
teacher knowledge about aquaculture, limited high quality 
teaching materials, and limited technical assistance to help 
teachers. Table 3.66 shows the distribution of different 
constrains perceived by high school aquaculture education 
teachers before their combination in LIMITl, LIMIT2, LIMIT3, 
LIMIT4, and LIMITS. 
3.3.2.9 Local. Federal and State Laws and 
Regulations 
This variable was measured by the question "are there 
local, state, or federal regulations/laws which make it 
difficult for aquaculture education to expand." The 
respondents were asked to choose one of the responses where: 
1 = Yes, and 2 = No. 
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Table 3.66 different constraints facing high school 
aquaculture education as perceived by high school aquaculture 
teachers 
Constrain & Response Frequency Percentage 
Limited administrative support 
Not Important 17 12.1 
Somewhat Important 36 25.5 
Important 43 30.5 
Very Important 43 30.5 
Limited facilities to house the program 
Not Important 7 5.0 
Somewhat Important 13 9.2 
Important 44 31.2 
Very Important 76 33.9 
Low teacher knowledge about aquaculture 
Not Important 8 5.7 
Somewhat Important 35 24.8 
Important 52 36.9 
Very Important 45 31.9 
Limited high quality teaching materials 
Not Important 6 4.3 
Somewhat Important 49 34.8 
Important 53 37.6 
Very Important 31 22.0 
Inflexible state curriculum requirements 
Not Important 60 42.6 
Somewhat Important 37 62.2 
Important 29 20.9 
Very Important 13 9.2 
Limited local aquaculture industry 
Not Important 27 19.1 
Somewhat Important 44 31.2 
Important 39 27.7 
Very Important 29 20.6 
Limited job opportunities in aquaculture 
Not Important 19 13.5 
Somewhat Important 54 38.3 
Important 42 29.8 
Very Important 24 17.0 
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Table 3.66 (Continued) 
Constrain & Response Frequency Percentage 
High cost of remodeling facilities for aquaculture 
Not Important 23 16.3 
Somewhat Important 27 19.1 
Important 48 34.0 
Very Important 41 29.1 
High cost of equipment to teach aquaculture 
Not Important 13 9.2 
Somewhat Important 27 19.1 
Important 55 39.0 
Very Important 44 31.2 
High cost of utilities (water, electricity) 
Not Important 36 25.5 
Somewhat Important 50 35.5 
Important 33 23.4 
Very Important 20 14.2 
Limited student interest in aquaculture 
Not Important 46 32.6 
Somewhat Important 37 26.2 
Important 35 24.8 
Very Important 21 14.9 
Restrictive environniental regulations 
Not Important 46 32.6 
Somewhat Important 53 37.6 
Important 29 20.6 
Very Important 11 7.8 
Limited technical assistcmce to help teachers 
Not Important 13 9.2 
Somewhat Important 48 34.0 
Important 51 36.2 
Very Important 29 20.6 
Need to tcike care of fish on weekends emd holidays 
Not Important 8 5.7 
Somewhat Important 20 14.2 
Important 41 29.1 
Very Important 71 50.4 
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Table 3.66 (Continued) 
Constrain & Response Frequency Percentage 
Possibility of fish die Off 
Not Important 21 14.9 
Somewhat Important 23 16.3 
Important 53 37.6 
Very Important 41 29.1 
Possibility of fish odors in school 
Not Important 26 18.4 
Somewhat Important 37 26.2 
Important 42 29.8 
Very Important 34 24.1 
State laws emd regulations 
Not Important 39 27.7 
Somewhat Important 42 29.8 
Important 38 27.0 
Very Important 20 14.2 
Federal laws and regulations 
Not Important 41 29.1 
Somewhat Important 45 31.9 
Important 36 25.5 
Very Important 17 12.1 
Nxiinber of Respondents=141 
The majority of respondents (approximately 83%) indicated 
that there was no local, state, or federal regulations which 
make it difficult for aquaculture education to expand. The 
responses ranged 0-1 in this variable, with a mean of .15 and 
a standard deviation of .35. Table 3.67 shows the 
distribution of this variable. 
Operationalization of high school location (state), and 
adoption of aquaculture education by both high school teachers 
and high schools will be presented in the following pages. 
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Table 3,67 Availability of inhibiting local, state, or 
federal laws/regulations as perceived by high school 
aquaculture education teachers 
Response Frequency Percentage 
No 117 83.0 
Yes 20 14.2 
Missing 4 2.8 
Number of Respondents=141 
3.3.2.10 High School Location (State) 
In order to measure school location (STATE), the 
respondents were asked to write the location of their school 
(STATE) . The responses worked in the twelve states of the 
Central Educational Region. The biggest nximber of the 
respondents were working in schools located in Wisconsin 
(23%), and the least number came from schools located in 
Michigan (1.4%), South Dakota (1.4%), and Ohio (1.4%). Table 
3.68 shows the distribution of this variable. 
3.3.2.11 Year of Adopting Aquaculture Education bv high 
school teachers and schools 
Adoption of an innovation is a series of adopting 
different innovations in the field. Adoption of aquaculture 
education by a high school, or a teacher, is maybe the 
beginning of a series of adopting new practices, or 
innovations, in aquaculture. 
In order to measure the year of adoption of aquaculture 
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Table 3.68 The respondents' school locations by states 
State Frequency Percentage 
Wisconsin 32 22.7 
Illinois 24 17.0 
Iowa 18 12.8 
Kansas 13 9.2 
Minnesota 13 9.2 
Nebraska 13 9.2 
Missouri 9 6.4 
Indiana 5 3.5 
South Dakota 5 3.5 
Michigan 2 1.4 
North Dakota 2 1.4 
Ohio 2 1.4 
Number of Respondents=141 
by a high school teacher. Each respondent was asked to write 
the year he, or she, started teaching aquaculture. The 
responses ranged 1982-1996 in this variable, with a mean of 
1992 and a standard deviation of 2.50. Table 3.69 shows the 
years the respondents started teaching aquaculture. 
In order to measure the year of adopting aquaculture 
education by high schools, each respondent was asked to write 
the year aquaculture education was started in his, or her, 
school. The responses ranged 1982-1996 in this variable, with 
a mean of approximately 1992, and a standard deviation of 
2.23. Table 3.70 shows the year in which high school started 
teaching aquaculture. 
Statistical techniques used in this study will be 
presented in the following pages. 
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Table 3.69 Years the respondents started teaching aquaculture 
Year Frequency Percentage 
1982 1 0.7 
1984 1 0.7 
1985 2 1.4 
1986 1 0.7 
1987 1 0.7 
1988 3 2.1 
1989 12 8.5 
1990 17 12.1 
1991 12 8.5 
1992 23 16.3 
1993 26 18.4 
1994 22 15.6 
1995 10 7.1 
1996 5 3.5 
Missing 5 3.5 
Number of Respondents=141 
Table 3.70 Years of adopting aquaculture education by high 
schools 
Year Frequency Percentage 
1982 1 0.7 
1985 1 0.7 
1986 1 0.7 
1987 1 0.7 
1988 4 2.8 
1989 13 9.2 
1990 19 13.5 
1991 17 12.1 
1992 23 16.3 
1993 34 24.1 
1994 15 10.6 
1995 6 4.3 
1996 2 1.4 
Missing 4 2.8 
Number of Respondents=141 
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3.4. Statistical Techniques 
Data collected from mail questionnaire were analyzed. 
The computer Subprogram Statistical Package for the Social 
Sciences (SPSS) was used for data analysis. Frequencies of 
all variables were obtained. Factor analysis, reliability, 
and correlations among independent variables were computed. 
Messick (1989:13) defined validity of an instrument as an 
integrated evaluative judgment of the degree to which 
empirical evidence and theoretical rationales support the 
adequacy and appropriateness of inferences and actions based 
on test scores or other modes of measurement. Factor analysis 
was used to evaluate construct validity. 
Factor analysis is a statistical technique for 
synthesizing a large amount of data and can be called a data 
reduction technique (Bailey, 1982; Kachigan, 1982). It is a 
process of removing the redundancy from a set correlated 
variables with a smaller set of derived variables. It is the 
removal of the duplicated information from among a set of 
variables. Table 3.71 shows factor analysis for different 
scales used in this study. 
Reliability is the consistency of measurement. It is the 
degree to which an instriiment measures the same way each time 
it is used under the same conditions with the same subjects 
(Sproull, 1988:74) . It is the ratio of true variance to total 
variance in a set of parallel measures obtained of an 
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Table 3.71 Factor eigenvalues and factor loadings for the 
research items 
Item Factor & items Eigenvalue loading 
ATTRIBI 5T2 
Q26 Aquaculture education provides 
more prestige or status for 
the high school agriculture 
program .72 
Q27 Fits easily into the high school 
agricultural education 
curriculum .65 
Q29 It meets the need to teach more 
science in agricultural 
education .65 
Q210 Aquaculture education motivates 
students .72 
Q211 Aquaculture education addresses 
commvinity development .49 
Q212 It is interesting to teachers .55 
Q217 School administrators support 
teaching aquaculture .66 
ATTRIB2 1.6 
Q213 It has a positive effect on the 
environment .56 
Q214 It relates to natural resources .84 
Q215 It relates to outdoor recreation/ 
sport fishing .83 
ATTR1B3 1.4 
Q24 It will result in more students 
going to college/post-secondary 
education .67 
Q25 It will result in economic 
development in the surrounding 
community .87 
Q28 Aquaculture education is needed 
in your state . 62 
ATTRIB4 1.3 
Q22 It is easy to start teaching 
aquaculture in high school 
agriculture program .78 
Q23 It is possible to try out 
teaching aquaculture on 
a small scale before making 
a final decision .81 
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Table 3.71 (Continued) 
Item Factor & items Eigenvalue loading 
LZHITl 4.8 
Q45 Inflexible state curriculum 
requirements .56 
Q411 Limited student interest in 
aquaculture .52 
Q412 Restrictive environmental 
regulations .81 
Q417 State laws and regulations .90 
Q418 Federal laws and regulations .90 
LIMIT2 2.1 
Q48 High cost of remodeling 
facilities for aquaculture .86 
Q49 High cost of equipment to 
teach aquaculture .87 
Q410 High cost of utilities 
(water, electricity) .65 
LIMITS 1.7 
Q414 Need to take care of fish on 
weekends and holidays .62 
Q415 Possibility of fish die off .88 
Q416 Possibility of fish odors in 
school .72 
LIMIT4 1.5 
Q46 Limited local aquaculture 
industry .90 
Q47 Limited job opportunities in 
aquacu1ture .88 
LIMITS 1.2 
Q43 Low teacher knowledge about 
aquaculture .67 
Q44 Limited high quality teaching 
materials .79 
Q413 Limited technical assistance 
to help teacher .69 
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Table 3.71 (Continued) 
Item Factor & items Eigenvalue loading 
COHDEV 172 
Q84 One or more residents has 
started an aquaculture 
enterprise .62 
Q89 The students in aquaculture 
have competed for awards 
related to aquaculture 
through FFA .64 
Q810 The aquaculture program has 
worked cooperatively with 
a commercial aquaculture 
producer .7 4 
COMCAl 2.7 
Q105 Visit to aguaculture research 
center or university, extension 
service, professionals, dealers, 
or researchers .72 
Q106 Workshop, field day, or tour .78 
Q107 Posters, pamphlets, bulletins, 
or any other printed materials .56 
Q108 Training programs, courses, 
conferences, or symposixims .76 
C0HCA2 1.3 
QlOl Mass media (newspapers, 
magazines, Tv, radio, etc.) .69 
Q102 Electronic mail (e-mail), or 
internet, or any other 
computer means . 7 5 
Q103 Talking with friends, or 
producers, or neighbors .49 
Q104 Aquaculture equipment sales 
personnel .67 
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Table 3.71 (Continued) 
Item Factor & items Eigenvalue loading 
ATTITl TTe 
Q161 Aquaculture is a form of 
agriculture .57 
Q162 The world's waters are 
being over-fished .66 
Q163 The world's aquaculture 
industry will continue 
to grow . 84 
Q164 There will be more job 
opportunities in aquaculture 
in the future .71 
ATTIT2 1.7 
Q1610 Training for aquaculture 
teachers is important .81 
Q1611 Availability of ac^ aculture 
teaching facilities is 
important . 8 0 
ATT1T3 1.3 
Q165 Environmental restrictions 
will not limit the 
aquaculture industry . 64 
Q166 Availability of highly 
qualified aquaculture 
high school teachers 
is important .51 
Q167 The high school aquaculture 
teaching program is overall 
effective .74 
Q169 Aquaculture courses should 
emphasize applications more 
than theories .58 
ATTIT4 1.1 
Q168 Aquaculture courses should be 
taught in high school .42 
Q1612 Availability of supportive 
administration is important 
for aquaculture high school 
teaching .58 
Q1613 High interest among students 
is important for aquaculture 
high school teaching .86 
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Table 3.71 (Continued) 
Item Factor & items Eigenvalue loading 
SCIOR 2.3 
Q171 I have to keep trying out 
new scientific practices .79 
Q172 The best way to compete is 
to apply the latest .85 
scientific research findings 
Q173 Accepting risk is a part of 
advancement in life .74 
RISK 1.1 
Q174 I am usually able to protect 
my own personal interest .83 
Q175 To a reasonable degree, I can 
pretty much determine what 
is happening in my life . 83 
Technological ixmovativeness 6.05 
Q235 Cage .76 
Q236 Pond .75 
Q237 Raceway .77 
Q2310 Pen .85 
Q2311 Monoculture .51 
Q2312 Fish Hatchery .54 
Q2313 Integrated Fish Fa2rm .77 
Q2314 Polyculture .66 
Q2317 Ec^ ipped Transporting Tank .59 
Q2319 Bioengineering Fish Species .60 
Total Number of Respondents=141 
individual (Schwab, 1980:17). Nunnally (1967) identified four 
methods that can be used to assess the reliability of 
empirical measurements. They are: (a) test-retest method, 
(b) the alternative form method, (c) the split-half method, 
and (d) the internal consistency method. The internal 
consistency refers to the degree of consistency among the 
items in the scale. In this study, Cronbach's alpha was used 
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as an estimate for scale internal consistency. Table 3.72 
shows the reliability of different scales used in this study. 
Cronbach's alpha for technological innovativeness was 90.76% 
which is highly reliable (Sproull, 1988). 
3.4.1 Zero-Order Correlation 
Correlation analysis provides a sxammary coefficient of 
the extent of relationship between two variables (Kachigan, 
1982) . Hypotheses are stated in both the directional and the 
null forms as suggested by the review of literature; however 
all statistical tests were conducted using the null forro of 
the hypotheses. 
3.4.2 Multiple Regression 
Multiple regression is the statistical teirm for 
predicting performance of dependent variable from two or more 
weighted independent variables. To maximize predictive 
accuracy, it is desirable to have predictors that correlate 
highly with the criterion but do not correlate highly with 
Step-wise or forward multiple regression was used in 
analyzing the data. It begins with the predictor variable 
most highly correlated with the criterion variable. The error 
of prediction resulting from that regression equation are then 
correlated with the values of each of the remaining predictor 
variables to identify the one which accounts for the most of 
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Table 3.72 Reliability estimates for the scales used in the 
study 
Scales # of items Cronbach'a # of cases 
alpha 
ATTRIBl 7 82. 54 123 
ATTRIB2 3 76, .30 123 
ATTRIB3 3 65. 68 123 
ATTRIB4 2 54. 49 123 
LIMITl 5 84. 39 123 
LIMIT2 3 78. 73 123 
LIMIT3 3 65. 37 123 
LIMIT4 2 83. 57 123 
LIMITS 3 61. 87 123 
COMDEV 3 50. 00 123 
COMCAl 4 69. 49 123 
C0MCA2 4 55. 31 123 
ATTITl 4 63. 84 123 
ATTIT2 2 69. 98 123 
ATTIT3 3 57. 61 123 
ATTIT4 3 55. 23 123 
SCIOR 3 74. 34 123 
Self Determination 2 62. 51 123 
Aq. Technological 
Innovativeness 10 90. 76 123 
Number of Respondents=141 
this xinexplained residual variance. Then, the error of 
prediction resulting from the regression equation 
incorporating both predictor variables are correlated with the 
values of the remaining predictor variables to identify the 
one that can account for the most of the residual variance. 
This step-wise procedure is stopped at the point where the 
introduction of another variable would account for only a 
trivial or satisfactory insignificance portion of the 
unexplained variance (Kachigan, 1982) . 
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In this study, the data were explored by step-wise 
forward regression analysis. The single criterion used to 
enter a variable into the regression analysis was that its 
correlation with the dependent variable had to be significant 
at the .05 level. In general, step-wise regression in this 
study is used to determine how all independent variables used 
in this study explain variance in the dependent variables of 
aquaculture teaching technology innovativeness. 
This chapter described the basic assximptions, the 
procedures, the measures of this study, and the statistical 
techniques used. The results and discussion will be presented 
in the next chapter. 
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CHAPTER IV. FINDINGS AND DISCUSSION 
4.1. Zero-Order Correlation Coefficients 
Table 4.1 shows the correlation matrix of the independent 
variables used in the study, and the dependent variable, 
aquaculture technological innovativeness. Table 4.2 shows a 
summary of zero-order correlation coefficients between the 
independent variables and aquaculture technological 
innovativeness. Following are the findings from the zero-order 
correlation coefficients. 
4.1.1 High School Aquaculture Teachers' Commitment. 
Perceptions. Attitudes, and Demographics 
4.1.1.1 High School Aquaculture Teachers' Commitment. 
Perceptions, and Attitudes 
Hypothesis 2.3.1.1.1 In high school aquaculture education, 
teacher perception of aquaculture is not related to 
technological innovativeness. 
This hypothesis was supported for ATTITl (r=.13; P=.133). 
ATTITl (aquaculture is a form of agriculture, the world's 
waters are being over-fished, the world aquaculture industry 
will continue to grow, and there will be more job 
opportvinities in aquaculture in the future) is not related to 
aquaculture technological innovativeness. 
This finding is consistent with those of Fichter (1988), 
Table 4.1 Correlation matrix of all independent variables and 
aquaculture technological innovativeness 
Variable XI X2 
(XI) Total high school enrollment 1 00 
(X2) High school agriculture enrollment 0 64** 1 00 
(X3) High school aquaculture enrollment 0 23** 0 31** 
(X4) Total number of high school teachers 0 81** 0 65** 
(X5) # of teachers in agriculture program 0 02 0 22** 
(X6) # Number of aquaculture classes 0 44** 0 41** 
(X7) ATTRIBl 0 08 0 02 
(X8) ATTRIB2 0 09 0 04 
(X9) ATTRIB3 0 15 0 13 
(XIO) ATTRIB4 0 10 -0 04 
(Xll) Year of awareness -0 15 -0 18* 
(X12) Year of adopting aquaculture by the school -0 15 -0 12 
{X13) year you started teaching aquaculture -0 04 -0 09 
(X14) LIMITl 0 06 0 12 
(X15) LIMIT2 -0 09 0 005 
(X16) LIMIT3 -0 01 0 06 
(X17) LIMIT4 -0 07 0 01 
(X18) LIMITS -0 06 0 08 
(X19) Availability of inhibiting laws -0 11 0 01 
(X20) Means of communication (awareness stage) 0 02 0 04 
(X21) Availability of enough resources -0 06 0 10 
(X22) Linkages with other school -0 00 0 14 
(X23) COMDEV 0 03 -0 06 
(X24) INTEREST -0 03 -0 07 
(X25) COMCAl 0 10 -0 001 
{X26) C0MCA2 0 03 -0 01 
(X27) COSMO 0 01 -0 01 
(x28) Highest level of education completed 0 06 0 03 
(X29) # of years teaching experience -0 02 -0 05 
(X30) # of years teaching agriculture 0 00 -0 04 
(X31) # of years teaching aquaculture 0 09 0 09 
(X32) # of years teaching in the present school -0 02 0 02 
{X33) ATTITl 0 02 -0 01 
(X34) ATTIT2 0 11 0 08 
(X35) ATTIT3 0 19* 0 13 
{X36) ATTIT4 0 07 0 04 
(X37) SCIOR 0 13 0 09 
(X38) SELF DETERMINATION 0 10 0 14 
(X39) ORG 0 11 0 07 
(X40) Attending formal training -0 09 -0 15 
(X41) CLASS -0 10 -0 13 
(X42) ENROLL -0 16 -0 13 
(X43) Location of school (State) 0 26** 0 34** 
(X44) Age -0 01 -0 05 
(X45) ORGMEMB -0 04 -0 11 
(X46) Gender -0 00 0 08 
Aquaculture Technological Innovativeness -0 11 -0 01 
*Significant at .05 level; **Significaiit at .01 level 
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X3 X4 X5 X6 X7 X8 X9 XIO Xll 
1.00 
0.28** 1 .00 
0.07 0 .08 1 .00 
0.61** 0 .53** -0 .07 1.00 
0.17 0 .09 0 .04 0.02 1, .00 
0.10 0 .07 -0 .01 0.09 0 .41** 1 .00 
0.16 0 .11 0 .17* 0.09 0 .47** 0 .36** 1 .00 
0.13 0 .15 0 .01 0.12 0 .31** 0 .27** 0 .21* 1 .00 
-0.16 -0 .12 -0 .07 0.03 -0 .00 -0 .05 -0 .13 0 .09 1.00 
-0.18* -0 .13 0 .06 0.01 0 .05 -0 .08 -0 .05 -0 .07 0.64** 
-0.27** -0 .03 0 .02 -0.02 -0 .03 -0 .10 -0 .11 -0 .15 0.48** 
0.20* 0 .06 0 .04 0.08 -0 .04 -0 .01 0 .27** 0 .13 0.05 
-0.08 -0 .01 -0 .09 -0.10 -0 .13 -0 .14 -0 .05 -0 .02 0.07 
0.03 0 .02 0 .04 0.05 0 .05 0 .16 0 .11 -0 .07 0.14 
0.07 0 .001 0 .16 -0.05 -0 .21* -0 .09 0 .02 -0 .04 -0.13 
0.09 -0 .01 0 .13 0.03 -0 .18* -0 .01 -0 .08 -0 .07 -0.12 
-0.06 -0 .10 0 .01 -0.03 0 .02 -0 .04 -0 .09 -0 .00 0.07 
0.08 -0 .003 -0 .06 -0.02 -0 .04 0 .13 0 .02 -0 .14 -0.21* 
0.01 -0 .10 -0 .07 0.06 0 .31** 0 .22** 0 .14 -0 .06 0.00 
0.12 0 .03 0 .09 -0.01 0 .10 0 .04 0 .21* 0 .06 0.01 
0.02 -0 .03 -0 .07 -0.06 0 .22* 0 .13 0 .21* 0 .07 -0.17 
-0.21* -0 .09 -0 .04 0.03 -0 .02 -0 .31** -0 .12 -0 .08 0.25** 
0.08 0 .11 0 .03 -0.07 0 .30** 0 .30** 0 .23** 0 .20* -0.23** 
0.22* -0 .11 -0 .04 -0.16 0 .31** 0 .16 0 .31** 0 .18* -0.23** 
0.09 0 .04 0 .13 -0.03 0 .21* 0 .12 0 .14 0 .10 0.01 
0.03 0 .09 0 .14 0.08 0 .03 0 .02 0 .06 0 .02 -0.22* 
-0.03 0 .02 0 .08 0.00 -0. ,19* -0 .14 -0 .03 0 .00 -0.18* 
-0.02 0 .05 0 .08 0.01 -0 .17* -0 .15 -0 .04 0 .03 -0.18* 
0.25** 0 .06 -0 .04 0.07 -0 .13 -0 .14 0 .04 0 .04 -0.25* 
-0.01 0 .01 0 .12 0.01 -0 .15 -0 .10 0 .03 0 .02 -0.17 
0.18* -0 .004 0 .01 0.09 0 .17* 0 .27** 0 .18* 0 .25** -0.11 
0.18* 0 .10 0 .04 -0.01 0 .34** 0 .27** 0 .27** 0 .17* -0.14 
0.11 0 .14 -0 .10 0.07 0 .22* 0 .16 0 .27** 0 .18* -0.03 
0.02 0 .10 -0 .002 0.05 0 .36** 0 .33** 0 .29** 0 .13 0.08 
0.06 0 .12 -0 .07 0.15 0 .32** 0 .32** 0 .26** 0 .12 0.01 
0.07 0 .21* 0 .06 0.13 0 .11 0 .12 0 .10 -0 .02 -0.00 
-0.05 0 .08 -0 .01 0.01 0 .20* 0 .17 0 .21** 0 .23** 0.04 
-0.03 -0 .12 -0 .01 0.07 0 .12 0 .09 0 .16 0 .03 0.05 
-0.13 0 .03 0 .02 0.02 -0 .11 -0 .19* -0 .13 -0 .02 0.07 
-0.13 -0 .01 0 .06 -0.13 -0 .24** -0 .08 -0 .13 -0 .05 -0.03 
0.15 0 .24** 0 .16 0.10 -0 .12 -0 .01 0 .00 0 .01 -0.13 
-0.01 0 .03 0 .07 -0.00 -0 .20* -0 .11 0 .02 0 .03 -0.13 
-0.12 -0 .11 -0 .18* -0.18* 0 .02 -0 .07 -0 .07 0 .01 0.10 
-0.05 -0 .04 0 .06 0.04 -0 .001 -0 .03 0 .00 -0 .12 -0.14 
-0.02 -0 .26 -0 .06 0.08 0 .30 0 .19 0 .12 0 .13 -0.01 
Table 4.1 (Continued) 
X12 X13 X14 X15 X16 X17 X18 X19 
X12 1.00 
XI3 0.68** 1.00 
X14 -0.00 -0.06 1.00 
XI5 0.03 0.09 0.37** 1. 00 
XI6 0.07 0.10 0.36** 0. 30** 1. 00 
X17 -0.17* -0.02 0.22** 0. 25** 0 .15 1.00 
XI8 -0.07 -0.05 0.21* 0. 13 0 .20* 0.35 1.00 
XI9 0.06 0.04 -0.22* 0. 23** 0 .14 0.06 0.00 1.00 
X20 -0.19* -0.04 -0.04 -0. 07 0 .05 0.08 0.12 0.12 
X21 -0.02 -0.03 -0.13 -0. ,15 -0 .06 -0.17 -0.12* 0.10 
X22 0.11 0.07 -0.10 0. 09 -0 .03 0.06 -0.08 0.01 
X23 -0.08 -0.14 -0.00 -0. 15 -0 .01 -0.14 -0.05 -0.01 
X24 0.18* -0.17* 0.04 0. 01 0 .05 -0.00 0.02 0.01 
X25 -0.25** -0.15 0.08 0. 12 0 .16 0.07 0.09 0.08 
X26 -0.15 -0.12 0.24** 0. 18* 0 .16 0.13 0.08 -0.04 
X27 0.15 0.12 -0.05 -0. 02 -0 .03 0.04 0.01 0.05 
X28 -0.11 -0.23** -0.06 -0. 09 -0 .06 0.02 0.00 0.03 
X29 -0.14 -0.22* 0.07 -0. 11 -0 .03 0.15 0.12 -0.08 
X30 -0.15 -0.24** 0.07 -0. 14 -0 .07 0.12 0.15 -0.10 
X31 -0.64** -0.79** 0.14 -0. 09 0 .02 -0.02 0.00 -0.08 
X32 -0.21* -0.32** 0.06 -0. 17* -0 .09 0.10 0.17 -0.02 
X33 -0.16 -0.23** -0.09 -0. 13 -0 .15 0.05 0.04 -0.05 
X34 -0.14 -0.12 -0.19* -0. ,10 0 .01 0.00 0.02 0.01 
X35 -0.04 0.01 -0.00 -0. 12 -0 .20* -0.10 -0.19* 0.03 
X36 0.08 0.09 0.03 -0. 07 0 .27** 0.02 -0.02 0.11 
X37 -0.15 0.02 0.06 -0. ,02 0 .19* 0.05 -0.05 0.09 
X38 0.01 0.03 -0.04 0. ,01 0 .13 -0.03 -0.13 0.04 
X39 -0.01 0.06 0.17* 0. ,26* 0 .19* 0.09 -0.03 -0.05 
X40 -0.02 -0 .08 0.11 0. ,02 0 .04 0.04 -0.05 0.09 
X41 -0.00 0.03 0.06 0, .09 -0 .06 0.16 0.06 0.07 
X42 -0.14 -0.15 0.08 0. ,16 -0 .09 0.15 0.13 0.08 
X43 -0.09 -0.15 -0.05 -0. ,16 -0 .05 0.02 0.18* -0.12 
X44 -0.14 -0.16 0.09 -0. ,06 -0 .03 0.16 0.12 -0.10 
X45 0.16 0.17 -0.13 0. 04 -0 .05 -0.04 -0.21* -0.09 
X46 -0.12 -0.12 0.03 -0, .16 0 .02 -0.02 -0.11 0.02 
INNOV. -0.06 0.02 0.04 -0, .07 0 .06 -0.01 0.07 0.10 
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X20 X21 X22 X23 X24 X25 X26 X27 X28 
1.00 
0.16 1.00 
0.03 0.14 1. 00 
0.19* 0.05 -0. 02 1. 00 
-0.12 0.09 -0. 15 -0. 22* 1. 00 
0.06 -0.06 -0. ,01 0. 04 -0, .25** 1.00 
0.11 -0.01 0. 06 0. 21** -0, .03 0.37** 1 .00 
0.07 -0.03 0. 24** -0. 04 -0. 24** 0.12 0 .09 1.00 
0.01 -0.08 0. ,06 0. 09 -0, .12 -0.01 0 .03 -0.00 1, .00 
-0.18* -0.19* 0. ,05 0. 06 -0, .08 0.09 -0 .02 0.05 0, .28** 
-0.17* -0.17* 0. ,06 0. 05 -0 .08 0.12 -0 .00 0.07 0 .25** 
0.10 -0.02 -0. ,06 0. 16 -0, .10 0.03 0 .11 -0,12 0, .10 
-0.13 -0.14 0. ,10 0. 10 -0, .10 0.05 -0 .07 0.09 0 .36** 
0.10 0.02 -0. 00 0. 05 -0. 19* 0.27** 0 .14 0.15 0 .29** 
-0.03 0.10 0, .11 0. 08 -0 .09 0.36** 0 .12 0.12 0 .04 
0.07 0.04 0, .11 0. 31** -0 .23 0.23** 0 .22** 0.13 0 .05 
0.12 0.12 -0, .02 -0. 00 0 .02 0.34** 0 .24** 0.18* -0 .04 
0.04 0.02 -0, .02 0. 08 -0 .04 0.37** 0 .32** 0.21* -0 .06 
0.14 0.15 0. 06 -0. 03 -0 .08 -0.06 -0 .06 0.11 -0 .07 
-0.07 -0.06 -0. 01 0. 07 -0 .11 0.39** 0 .46** 0.12 -0 .05 
-0.13 -0.05 0. 01 0. ,13 -0 .24** 0.17* 0 .09 0.18* 0 .06 
-0.05 -0.09 -0, .10 -0. ,05 -0 .07 -0.04 -0 .32** -0.07 0 .13 
-0.05 -0.18* -0, .18* -0. 07 -0 .21* 0.04 -0 .25** -0.08 0 .19* 
0.07 -0.07 0. 01 0. 13 -0 .17* -0.08 -0 .14 -0.15 -0 .10 
-0.11 -0.18* 0, .05 0. ,01 -0 .10 0.16 -0 .04 0.03 0 .20* 
0.06 -0.04 -0 .05 -0. 01 0 .20* -0.18* 0 .07 0.02 -0 .16 
0.08 0.09 0 .06 -0. 00 -0 .14 -0.02 -0 .15 0.00 0 .16 
0.09 0.19 0 .02 0. 21 -0 .08 0.23 0 .15 0.18 0 .03 
Table 4.1 (Continued) 
X29 X30 X31 X32 X33 X34 X35 X36 
X29 1. 00 
X30 0, .97** 1.00 
X31 0, 24** 0.25** 1. ,00 
X32 0, .83** 0.80** 0. ,24** 1. 
X33 0. 12 0.15 0. 08 0. 
X34 0, .01 -0.01 -0. 08 0. 
X35 0, .12 0.10 -0. ,05 0. 
X36 -0, .05 -0.05 0. 01 -0. 
X37 -0, .03 -0.03 0, .08 -0. 
X38 -0. 04 -0.03 0. 04 -0. 
X39 -0, .05 -0.06 -0, .06 -0. 
X40 0, .21* 0.26** 0, .15 0. 
X41 0, .11 0.16 -0, 04 0. 
X42 0 .16 0.20* 0, 05 0. 
X43 0, 01 -0.01 0. ,19* -0. 
X44 0, .91** 0.88** 0. ,17* 0. 
X45 0 .02 -0.01 -0, 12 -0. 
X46 0 .22 0.18* 0 .07 0. 
INNOV. -0 .07 -0.02 0 .10 0. 
1. 00 
0. 25** 1. 00 
0. 28** 0 .35** 1 .00 
0. 30** 0 . 44** 0 .31** 1 .00 
0, .09 0 !31** 0 .20* 0 .39** 
0. 01 0 .06 0 .03 0 .20* 
0. 22* 0 .18* 0 .24** 0 .27** 
0. 16 -0 .06 0 .01 0 .03 
-0, .09 -0 .14 -0 .16 -0 .24** 
-0, .05 -0 .03 -0 .09 -0 .23** 
-0. 01 0 .01 0 .03 -0 .04 
0. 14 0 .04 0 .17 -0 .06 
-0 .11 -0 .22* 0 .05 -0 .06 
0 .08 -0 .01 0 .09 0 .06 
0 .13 0 .18 0 .10 0 .31 
00  
17 
00 
08 
08 
02 
03 
10 
19* 
18* 
24** 
00 
73** 
09 
16 
00  
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X37 X38 X39 X40 X41 X42 X43 X44 X45 X46 
1 . 0 0  
0.31** 1.00 
0, .35** -0, .03 1.00 
0, .14 0. 12 0.05 l.OO 
-0. 21* 0. 03 -0.27** 0.22** 1 .00 
-0. 12 0. 01 -0.21* 0.08 0. 62** 1. 00 
-0. 10 0, .06 -0.04 -0.18* -0. ,06 -0, .02 1.00 
-0. 01 -0, .06 -0.02 0.17 0. 13 0. 18* 0.05 1 .00 
0. 10 0, .10 0.03 -0.02 -0. 06 -0, .16 0.11 -0 .04 1, .00 
-0, .02 0, .09 -0.10 0.05 0, .09 0. 05 0.00 0 .19* -0, .08 1. 00 
0, .29 -0. 04 0.14 0.19 0. 02 -0, .06 0.11 -0 .06 -0 .04 0. 11 
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Table 4.2 Zero-order correlation coefficients between 
independent variables and aquaculture technological 
innovat ivenes s 
Independent Variable Correlation Prob. N 
Coefficient 
(XI) SIZEl -0.11 0 188 133 
(X2) SIZE2 -0.01 0 866 133 
(X3) SIZE3 -0.02 0 818 132 
(X4) SIZE4 -0.26** 0 002 132 
(X5 SIZES -0.06 0 464 135 
(X6) SIZE6 0.08 0 376 133 
{X7) ATTRIBl 0.30** 0 001 134 
(X8) ATTRIB2 0.19* 0 032 132 
(X9) ATTRIB3 0.12 0 152 134 
(XIO) ATTRIB4 0.13 0 13 0 134 
(Xll) AWARENESS -0.01 0 919 134 
(X12) ADOPTION (High School) -0.06 0 460 134 
{X13) ADOPTION (Teacher) 0.02 0 832 132 
(X14) LIMITl 0.04 0 664 135 
(X15) LIMIT2 -0.07 0 438 134 
(X16) LIMIT3 0.06 0 504 134 
(X17) LIMIT4 -0.01 0 .951 135 
(X18) LIMITS 0.07 0 .444 135 
{X19) LAWS and REGULATIONS 0.10 0 .232 133 
(X20) COMMUNICATION (Awareness) 0.09 0 .276 137 
(X21) RESOURCES 0.19* 0 .026 137 
(X22) LINKAGES 0.02 0 .780 137 
(X23) COMDEV 0.21* 0 .015 132 
(X24) INTEREST -0.08 0 .348 133 
{X25) COMCAl 0.23** 0 .007 135 
(X26) C0MCA2 O.IS 0 .074 134 
(X27) COSMO 0.18* 0 .040 136 
(X28) EDUCATION 0.03 0 .702 135 
(X29) TENUREl -0.07 0 .414 135 
{X30) TENURE2 -0.02 0 .816 134 
{X31) TENURE3 0.10 0 .259 133 
{X32) TENURE4 0.003 0 .972 132 
(X33) ATTITl 0.13 0 .133 136 
(X34) ATTIT2 0.18* 0 .037 136 
(X35) ATTIT3 0.10 0 .224 136 
(X36) ATTIT4 0.31** 0 .000 136 
(X37) SCIOR 0.29** 0 .001 135 
(X38) SELF DETERMINATION -0.04 0 .645 136 
(X39) ORG 0.14 0 .121 133 
(X40) TRAINING 0.19* 0 .026 136 
(X41) CLASS 0.02 0 .854 136 
(X42) ENROLL -0.06 0 .478 135 
(X43) LOCATION (STATE) 0.11 0 .183 137 
(X44) AGE -0.06 0 .470 137 
(X45) ORGMEMB -0.04 0 .667 133 
(X46) GENDER 0.11 0 .207 137 
•Significant at .05 level; **Significant at .01 level 
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Amabile (1988), Goss (1979), Fliegel el al. (1966), Von 
Fleckenstein (1974), Caplan et al. (1973), and Baldridge et 
al. (1975). 
Fichter (1988) stated that the majority of the United 
States population seldom think about food shortages of any 
commodity. It is estimated, according to Fichter (1988), that 
the United States population cons\ames half of the world 
resources every year. The independent variable, ATTITl is 
mainly dominated by statements about food shortage in the 
world and the potentiality of aquaculture to supply the 
world's himgry people with low cost, high quality protein. 
Despite the fact that this considered as an important issue 
for argroment within the United States, similar in importance 
to environmental and conservation issues, it is not so close 
to the thinking of ordinary American citizens who never face 
starvation. 
Amabile (1988) held the view that perception's of one's 
motivation is based upon different social and environmental 
factors. Internal factors, according to Amabile (1988) might 
also influence the person's perception. 
Goss (1979) argued that individual-oriented studies are 
not sufficient for sociological-theory building. In the 
classical diffusion model, according to Goss (1979), there is 
a bias to the social-psychological attributes. Caplan et al. 
(1973) warned against using psychological thought and research 
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in societal phenomena. Psychological research, according to 
Caplan et al. (1973), is centered upon the person and this 
creates a person-blame causal attribution bias when applied to 
social change. 
Fliegel et al. (1966), and Von Flechenstein (1974) 
expressed the view that there is a need to place more emphasis 
on the characteristics of innovations and how they affect 
adoption of an innovation. Baldridge et al. (1975) claimed 
that organizational characteristics are more important to the 
innovation process than the attitudes of organization's 
members or even their elites. 
Hvpothesis 2.3.1.1.2 In high school aquaculture education, 
teacher's perception of high school aquaculture education is 
positively related to technological innovativeness. 
This hypothesis was supported for both ATTIT2 (r=.18; 
P=.037), and ATTIT4 {r=.31; P=.000). On the other hand, the 
hypothesis was not supported for ATTIT3 (r=.10; P=.224). 
ATTIT2 (training for aquaculture teachers is important, 
and availability of aquaculture teaching facilities is 
important) is positively related to technological 
innovativeness. This finding is consistent with those of Hage 
et al. (1967), El-Ghamrini et al. (1995), Blau et al. (1971), 
Hannan et al. (1984), Bishop (1986), and Hall (1991). 
Hage et al. (1967) argued that the presence of a well-
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trained staff, in an organization, is related to a reduced 
need for extensive rules and policies. El-6hamrini et al. 
(1995) found that skill of personnel and training of 
technicians is positively related to technological 
innovativeness. Blau et al. (1971) foiind that organizations 
select highly qualified individuals to ensure that they will 
act according to their organization demands and rules. Hannan 
et al. (1984) warned against organizational inertia due to 
commonalities in personnel, or lack of continuous training. 
Copp (1958) identified the measures of economic productivity 
and personality variables as two of the most important 
variables accoiinting for technological innovativeness. 
Lord (1977) found a positive relationship between 
availability of information and commitment to an organization. 
CoiTfl^ in (1973), and Hall (1991) viewed that economic conditions 
of the organization affect the adoption of an innovation. 
Hall (1991) stated that lack of resources is a systematic 
obstacle to change. 
Blau et al. (1971) held the view that skill of personnel 
and continuous training of technicians are the bases for 
organizational technological innovativeness when all 
bureaucratic rules are rigid and applied equally. Bishop 
(1986) stated that lack of required materials and equipment is 
one of the reasons for the failure of an educational 
innovation. 
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Tushman et al. (1986) found that technological 
breakthrough can enhance or destroy organizational 
competencies. Knowledge and skills, according to Tushman et 
al. (1986), can become highly valuable or obsolete on the 
basis of technological change. 
It was also found in this study (will be explained 
later) that training of teachers and financial resources are 
positively related to aguaculture technological innovativeness 
(Findings 4.1.1.2.9, and 4.1.2.2). 
ATTIT4 (aquaculture courses should be taught in high 
schools, availability of supportive administration is 
important for aquaculture high school teaching, and high 
interest among students is important for aquaculture high 
school teaching) are positively related to aquaculture 
technological innovativeness. 
ATTIT4 has some important perspectives that should be 
examined with other element prior to major expenditure on 
development (Clipson, 1991). The importance of teaching 
aquaculture in high schools is related to the perception of 
some of its characteristics including relative advantage and 
compatibility which were proved to be significantly related to 
technological innovativeness (will be explained in finding 
4.1.3). Administrative support was discussed by many 
researchers. Rosner (1968) argued that organizations can cope 
with environmental changes and uncertainties not only by 
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applying technological innovations, but also by successfully 
integrating technical and acaministrative changes into their 
organizational structure. Hage et al. (1967) argued that 
organizations that establish high levels of formalized rules, 
or rigid routines, for their members to follow, leave no time 
or rewards for their involvement. Rogers (1983) argued that 
formalization inhibits consideration of innovations by 
organization members, but encourages their implementation. 
Hage et al. (1970), and Hage et al. (1967) found that 
formalization is negatively related to organizational 
innovativeness. 
Hall (1991) mentioned that the degree to which an 
organization is formalized is an indication of the 
perspectives and perceptions of its decision makers in regard 
to its members. Rogers (1983), Moch (1976), and Moch et al. 
(1977) argued that centralization is negatively related to 
innovativeness. Hage (1980) pointed out that the innovation 
is more likely when the values of the dominant coalition, or 
elites are, supporting change. 
Hall (1991:83) observed that high levels of 
centralization means greater coordination, but less 
flexibility; consistent organizational wide policies, but 
possibly inappropriate policies for local conditions; and the 
potential for rapid decision making during emergencies, but 
overloaded communication channels during normal operations as 
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coininunication flow up and down the hierarchy. Internal 
factors, or internal environment, may promote change to the 
extent that managers and other members of an organization may 
seek out not just its maintenance but also it growth, in order 
to secure improved benefits and satisfaction for themselves 
(Child et al., 1981) . 
Baldridge et al. (1981), and Evan (1965) emphasized the 
role of changing organizational environments, including 
administrative support, in bringing about some problems and 
promotion of innovativeness. 
Carlson (1967) emphasized the role of superintendents in 
the adoption of modern high school math. There is a tendency 
among non-adopters to have, according to Carlson (1967) 
receive less support from their school board. Baldridge et 
al. (1975) argued that administrative positions and roles have 
an impact on the involvement of an individual in the 
innovative process. Administrative support can initiate, or 
trigger, technological innovativeness. Fox et al. (1967) 
found that collaborative efforts of school administrators, 
teachers, and outside resource people provide more active 
support for innovations. Nowak (1987) claimed that 
institutional inefficiencies are major reasons for rejection 
of an innovation. 
The importance of individual's interest and motivation 
were discussed by many authors. Amabile (1988) viewed that an 
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organization will be more innovative when the highest level of 
leadership within the organization has genuine motivation for 
innovation. Kaufman (1971) emphasized the influence of 
internal factors, including lack of motivations among 
individuals, in resisting any organizational change. 
In addition, motivation or interest can be viewed 
differently based upon the personality. In agriculture, less 
business-oriented farmers are motivated by social 
responsibilities and attachment to farming regardless of 
financial profit. They perceive farming, or aquaculture, as 
better, moral, and more satisfying than urban life (Flinn et 
al., 1974). Wilkening et al. (1962) argued that aspirations 
for children are highly related to innovative behavior in 
farming than farmer's education. Those who desiring higher 
education for their children are more likely to favor the 
adoption of innovations. 
Havens et al. (1961) emphasized that profit motive alone 
is not significantly related to rate of adoption on a year-to-
year basis. Adopter's perception of profitability is the 
determinant of rate of adoption. Hoffer et al. (1958) argued 
that profit motive alone is not sufficiently effective as a 
motivating influence for adoption. Bose (1962), Rieck et al. 
(1962), and Griliches (1960) stated that farmers who are most 
profit-oriented adopt more new practices. Nowak (1983) 
emphasized the importance for the individual to have a felt 
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need for the innovation, be able to have a valid evaluation to 
assess the potential consequences, and receive a reasonable 
assistance in order to transfer and adapt into their farm 
situation. Rogers et al. (1969) stated that motivation and 
willingness to make changes are among the primary determinants 
of early adoption of innovation. 
ATTIT3 (environmental restrictions will not limit the 
aquaculture industry, availability of highly qualified 
aquaculture high school teachers is important, the high school 
aquaculture teaching program is overall effective, and 
aquaculture courses should emphasize applications more than 
theories) is not related to aquaculture technological 
innovativeness. 
Watson (1967) claimed that innovation in education have 
often taken the form of experimental schools. As a 
consequence its observability and effect take long period of 
time. Lutz (1970) pointed out that adoption of educational 
innovation is a complex set of relationship in which few 
factors have strong effects but many have moderate influence. 
It is possible that some variables and concepts are not 
clear enough in its effect on innovativeness due to the 
newness and short period of teaching aquaculture education in 
high schools. In addition, high school aquaculture 
observability was found to be not related to technological 
innovativeness (Finding 4.1.3 will be discussed later). 
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In general, this finding is consistent with those of Goss 
(1979), and Caplan et al. (1973). 
Goss (1979) held the view that individual-oriented 
studies are not sufficient for sociological-theory building. 
The classical-adoption model, according to Goss (1979), is 
biased to the social-psychological attributes and has the 
assiamption that individuals have equal control over their 
destiny through equal access to the information and other 
resources necessary for adoption. 
Caplan et al. (1973) warned against using psychological 
thought and research in societal phenomena. Psychological 
research is primarily centered upon the person and this 
creates a person-blame causal attribution bias when applied to 
social change. Fliegel et al. (1966), and Von Fleckenstein 
(1974) emphasized the need to place more emphasis on the 
characteristics of innovations and how they affect adoption of 
an innovation. As a consequence, it is important to study the 
multidimensional character of adoption behavior. 
Hypothesis 2.3.1.1.3 In high school aquaculture education, 
teachers' s future expectation of nxamber of high school 
aquaculture education classes is not related to 
technological innovativeness. 
This hypothesis was supported (r=.02; P=.854). 
Teacher's future expectation of number of high school classes 
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is not related to aquaculture technological innovativeness. 
High school aquaculture education is a very new experimental 
program and information about this new program and effects of 
different variables on technological innovativeness is not 
clear enough. Lord (1977) found a positive relationship 
between availability of information and an individual' s 
commitment to his organization. 
Amabile (1988) stated that domain of task motivation 
which includes attitudes toward the task, and perceptions of 
own motivation for undertaking the task depend largely on some 
external social and environmental factors such as the presence 
or absence of salient extrinsic constraints in the work 
environment. Internal factors, such as a person's ability to 
cognitively minimize the salience of such extrinsic 
constraints, might also influence the self-perception 
motivation. 
In addition, the finding of this hypothesis is consistent 
with those of Watson (1967), Lutz (1970), Goss (1979), Caplan 
et al. (1973), Fliegel et al. (1966), and Von Fleckenstein 
(1974). It is also consistent with the finding 4.1.3 of this 
study which is related to high school aquaculture education 
visibility . 
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Hypothesis 2.3.1.1.4 In high school aquaculture education, 
teacher's future expectation of student enrollment is 
not related to technological innovativeness. 
This hypothesis was supported (r=-.06; P=.478). 
High school education teacher's perception of student 
enrollment is not related to aquaculture technological 
innovativeness. 
This finding is related to the lack of high school 
aquaculture education observability (Finding 4.1.3 of this 
study). Baldridge et al. (1975) argued that organizational 
characteristics are more important to the innovation process 
than the attitudes of organizations' members or even their 
elites. 
This finding is also consistent with those previously 
mentioned findings of Watson (1967), Amabile (1988), Lutz 
(1970), Goss (1979), Caplan et al. (1973), Fliegel et al. 
(1966), Von Fleckenstein (1974), and Lord (1977). 
Hypothesis 2.3.1.1.5 In high school aquaculture education, 
teacher's personal scientific orientation is positively 
related to technological innovativeness. 
This hypothesis was supported (r=.29; P=.001). High 
school aquaculture education teacher's scientific orientation 
and risk acceptance is positively related to aquaculture 
technological innovativeness. 
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Edwards (1969) found a significant moderately strong 
relationship between scientific orientation and risk 
orientation. Lord (1977) emphasized the role of information 
availability in creating organizational commitment among 
individuals working in the same organization. 
Rogers (1983) pointed out that the innovator must have 
the ability to understand and apply complex technical 
knowledge and be able to cope with high degree of uncertainty 
about an innovation at the time the innovator adopts. He must 
be able to cope an occasional setback when one of one of the 
innovations proves unsuccessful. Beal et al. (1957a) 
described innovators as those individuals who go directly to 
college researchers, and receive the more specialized farm 
publications. In summary, innovators are scientific and risk 
oriented. The salient value of the innovator is venturesome. 
Cancian (1967) found that innovators and early adopters 
display an attitude, to relatively different degrees, of risk 
tolerance or risk acceptance. On the other hand, later 
adopters wait until risk is alleviated or reduced. Mason et 
al. (1980) claimed that earlier adopters are risk averse and 
have greater knowledge and skills from which they can achieve 
success by adopting new practices that reduce the risks of 
farming. Wilkening et al. (1955) stated that dairy farmers 
tend to seek information from those who are more proficient 
than themselves in both general information and specific 
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topics. 
Dean et al. (1958) found that rationality is 
significantly and positively related to adoption of an 
innovation. Nowak et al. (1983) stated that farmers must be 
able to have a valid evaluation to assess the potential 
consequences. Anoiske et al. (1990), and Gould et al. (1989), 
Tsui et al. (1989) viewed that younger, better educated 
farmers are more likely than others to have longer term 
planning, bigger resources to acquire new technologies, and 
higher degree of risk acceptance. 
In general, knowledge reduces uncertainty. The greater 
the degree of technical uncertainty, the greater the knowledge 
pressure facing the organization (Tushman et al., 1990). 
Knowledge is the only way to reduce uncertainty. Knowledge 
and skills can become highly valuable or obsolete on the basis 
of technological change (Tushman et al., 1986). 
In education, Mort (1967) accrued two reasons for the 
lack of risk acceptance for a teacher to adopt an educational 
innovations. First, the results of adopting an educational 
innovations are not so easily measured, in comparison to 
agriculture. Second, teachers are generally paid on the basis 
of their tenure and personal educational attainment regardless 
of their educational innovativeness. 
In general, this finding is consistent with those of Hage 
et al. (1970), Hage (1980), Moch (1976), and Moch et al. 
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(1977) who identified an innovative organization as that is 
characterized by high complexity. Complexity is the degree to 
which an organization's member posses a relatively high 
knowledge and expertise (Rogers, 1983). 
This finding is also consistent with some other findings 
in this study. Scientific orientation and risk acceptance 
maybe strengthened by fomal training and cosinopolitancy. In 
this study, formal training (Finding 4.1.1.2.9), and 
cosmopolitancy (Finding 4.1.1.2.7) were found to be positively 
related to technological innovativeness. 
On the other hand, this finding is not consistent with 
that finding of Coughenour (1960) who found no positive 
correlation between adoption of an innovation and an attitude 
favoring science and scientific farming. 
Hypothesis 2.3.1.1.6 In high school aquaculture education, 
teacher's self determination is positively related to 
technological innovativeness 
This hypothesis was not supported (r=-.04; P=.645). 
High school aquaculture education teacher's self determination 
is not related to aquaculture technological innovativeness. 
Self determination is the opposite side of fatalism, 
traditionalism, and familism. In general, self determination 
is related to different elements including education. Many 
researchers viewed self determination as an attribute of 
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innovators and progressive farmers. Progressive farmers are 
those who have large farms, yoiing, receive vocational training 
in agriculture, members of farmers' organizations, modern in 
their style of living (Van den Ban, 1957). Rogers (1983) 
supported the idea that innovator is self determined, 
scientific-risk oriented, non fatalist, and non traditional. 
Innovator's attributes are related to adoption of new 
practices, innovators are viewed by other farmers as a model 
that cannot be followed. Feaster (1968) viewed that 
progressive farmers have good contacts with extension 
officers. Years of education desired for son by progressive 
farmers, according to Feaster (1968), are negatively related 
to traditionalism and positively related to innovativeness. 
Wilkenning et al. (1962) argued that aspirations for children 
are highly associated with innovative behavior in farming than 
farmer's education. 
On the other hand research findings on traditionalism, 
the opposite side of self-determination, are nxamerous and have 
different implications. Ramsey et al. (1959) found that there 
are negative relationships between the behavioral adoption 
scale and two of the value orientation: security and 
traditionalism. Significant linear relationship were found 
between cognitive adoption and five value orientations: 
positive relationships with achievement, science, and material 
comfort, and negative relationships with security and 
164 
traditionalism. All these relationships were low in 
magnitude. Yo\ing et al. (1959) stated that while there is 
some evidence of the prevalence of iinfavorable attitudes 
toward scientific farming in low adoption neighbors, there is 
little direct indications that neighbor's influence is 
retarding adoption. Rogers (1958b) foiand no relationship 
between adoption of an innovation and cohesion with locality-
group, family integration, and cohesion with kinship group. 
Van Es et al. (1987) found no significant relationship between 
kinship arrangements and innovativeness in practicing soil 
erosion control. 
Wilkenning claimed that the greater the dependence of a 
farmer upon neighborhood and kinship ties, the less likely the 
farmer to adopt an agricultural innovation. Gross (1948), and 
Marsh et al. (1954b) mentioned that individuals or families of 
a commxmity who have strong neighborhood and kin groups are 
less likely to accept new practices. As a consequence, 
dependence upon primary group ties, or traditionalism, is 
negatively related to adoption of an innovation. Carlson 
(1967) mentioned that non adopters have the tendency to rely 
more on local sources for advice and information. Fliegel 
(1962) viewed that family characteristics which include 
traditional orientation may work as an obstacle to 
technological change. On the other hand, Carlson et al. 
(1981) found a significant positive relationship between 
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kinship ties and the use of soil conservation practices. 
This finding is consistent with those findings of Amabile 
(1988), Fliegel et al. (1966), Baldridge et al. (1975), Caplan 
et al. (1973), and Goss (1979) who emphasized the need to put 
more attention to innovation attributes, organizational 
structure, and to avoid concentrating on personality and 
psychological perspectives. 
In general, self determination is a psychological 
attribute and is based upon personality. The finding is 
related to the findings of this study in association with some 
demographic attributes including age, education, 
organizational membership, tenure, and past experience. These 
demographic findings will be presented in the next few pages. 
4.1.1.2 High School Acruaculture Education Teachers' 
Demographics 
4.1.1.2.1 Age 
Hypothesis 2.3.1.2.1 In high school aquaculture education, 
teacher's age is not related to technological innovativeness. 
This hypothesis was supported (r=-.06; P=.470). Age 
is not related to aquaculture technological innovativeness. 
This finding is consistent with those of Baldridge et al. 
(1975), Verner et al. (1966), McCain et al. (1983), Rosenbaum 
(1986), Sawhney et al. (1991), El-Ghamrini (1988), and El-
Ghamrini et al. (1995). 
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Baldridge et al, (1975) foiind that there is no 
relationship between individual characteristics, such as sex, 
age, and personal attitudes and organizational innovativeness. 
Vemer et al. (1966) fo\md that there is no relationship 
between education and adoption. El-Ghamrini (1988), and El-
Ghamrini et al. (1995) foiind that age is not related to 
organizational innovativeness. 
Sawhney et al. (1991) observed that the majority of rural 
telephone companies' employees are young with the exception of 
very few old. The very few elderly employees, according to 
Sawhney et al. (1991), were retirees from larger companies and 
they are not expected to have great impact. As a consequence, 
there was no role ambiguity among subordinates and managers. 
McCain et al (1983) and Rosenbaum (1986) stated that people 
tend to be attracted to those who are similar. Therefore, 
being older in an organization leads to an increased tendency 
to leave among older workers. 
Age of the respondents ranged 23-59, with a mean of 38.59 
years and a standard deviation of approximately 8.95. The 
majority of the respondents (104) were between the age of 23-
44, and few respondents (37) were between 45-59 years of age 
(Table 3.49). This confirmed McCain et al. (1983), and 
Rosenbaum (1986) that there is no role ambiguity about the 
teachers and they have better interpersonal communication. 
167 
4.1.1.2.2 Gender 
Hypothesis 2.3.1.2.2 In high school aquaculture education, 
teacher's gender is not related to technological 
innovativeness. 
This hypothesis was supported {r=.ll; P=.207) . There was 
no difference between male and female in high school 
aquaculture innovativeness. Gender is not related to 
aquaculture technological innovativeness. The finding of this 
hypothesis is consistent with that of Baldridge et al. (1975). 
This came despite the fact that the majority of respondents 
(92.9%) were males and only 6.4% were females (Table 3.50). 
4.1.1.2.3 Highest Level of Formal Education 
Hypothesis 2.3.1.2.3 In high school aquaculture education, 
formal education obtained by high school teacher is not 
related to technological innovativeness. 
This hypothesis was supported (r=.03; P=.702). Highest 
level of formal education attained by high-school aquaculture 
education teachers is not related to the adoption of 
aquaculture technological innovativeness. 
This finding is consistent with those of Sawhney et al. 
(1991), El-Ghamrini et al. (1995), and Baldridge et al. 
(1975). In general, education is not the only personal 
variable for adopting an innovation. Some individuals with 
less or even no education have the ability to take higher risk 
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than individuals with higher levels of education. 
It was found that 71% of the respondents (46.1) have 
bachelor's degree, and 50.4% have master degree (Table 3.51). 
This indicates that there was no big difference in educational 
attainment among the respondents. As a consequence, there 
must be better communication and no role ambiguity among the 
teachers as people tend to be attached to those who are 
similar (Rosenbaum, 1986) . 
4.1.1.2.4 Organizational Membership 
Hypothesis 2.3.1.2.4 In high school aquaculture education, 
teacher's organizational membership is not related to 
technological innovativeness. 
This hypothesis was supported (r=-.04; P=.667). 
Aquaculture high school teachers organizational membership is 
not related to aquaculture technological innovativeness. 
This finding is not consistent with most of the 
literature including those of Rogers (1961), Wilkening et al. 
(1962), Abd-Ella et al. (1981), Carlson (1965), and Van den 
Ban (1957). 
Rogers (1961) found a positive relationship between 
innovativeness and participation in formal organizations. 
Wilkening et al. (1962) stated that participation in farm 
organizations provide farmers with the opportunity to know 
more about new practices from their trusted friends and 
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colleagues. In addition, participation in farm organization 
sometimes is related to adoption of labor saving innovations. 
Abd-Ella et al. (1981) found that family education level, 
farm size, tenure, social participation, cosmopolitancy, 
communication, and extension contacts are positively related 
to adoption of farm innovations. Carlson (1965) found that 
early adopters of modern math tended to score higher than late 
adopters on measures of social network involvement and 
position in status structure. Van den Ban (1957) found that 
farmer's membership in farm organizations and cooperatives is 
positively related to his progressiveness. 
Despite the fact that organizational leadership provides 
better chances for individuals to know new practices and 
ideas, there maybe some social, economic, or internal 
environments that make it difficult for individuals to apply 
these new ideas. House (1968) found that social influence in 
the work environment may work positively or negatively in 
implementing those new ideas. This finding is also consistent 
with those of This finding is consistent with those findings 
of Amabile (1988), Fliegel et al. (1966), Baldridge et al. 
(1975), Caplan et al. (1973), and Goss (1979) who emphasized 
the need to put more attention to innovation attributes, 
organizational structure, and to avoid concentrating on 
personality and psychological perspectives. 
In this study, it was found that the majority of 
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respondents (89%) did not have any meitibership in an 
aquaculture organization (Table 3.52). In addition, all the 
aquaculture organizations mentioned were not specialized ones. 
This explains that the respondents lack the advantages of 
being meit±>ers in a specialized organization related to their 
work in aquaculture education. 
4.1.1.2.5 Tenure 
Hypothesis 2.3.1.2.5 In high school aquaculture education 
teacher's tenure is not related to technological 
innovativeness. 
This hypothesis was supported for total years of 
teaching experience, or TENUREl (r=-.07; P=.414). TENUREl 
(total years of teaching experience is not related) to 
aquaculture technological innovativeness. 
On the other hand, the finding was supported for number 
of years teaching agriculture, or TENURE2 (r=-.02; P=.816). 
In this sense, TENURE2 (number of years high school teacher 
spent in teaching agriculture) is not related to the 
aquaculture technological innovativeness. 
The hypothesis was supported for TENURES (r=.10; P=.259). 
In this sense, TENURE3 (niomber of years high school teacher 
spent in teaching aqpiaculture) is not related to aquaculture 
technological innovativeness. 
The hypothesis was supported for TENURE4 (r=-.083; 
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P=.972). In this sense, TENURE4 (number of years spent by 
high school teacher in the present school) is not related to 
aquaculture technological innovativeness. 
In general, tenure is not related to the adoption of 
aquaculture technological innovativeness. Those findings are 
consistent with those of Katz et al. (1978) and El-Ghamrini et 
al. (1995) . Katz et al. (1978) stated that tenure of the same 
position for a long period of time may be perceived as an 
indicator of elites control and stagnation of promotions and 
incentives. It implies a strong resistance to innovativeness. 
This may lead to organizational inertia (Hannan et al., 1984). 
Mort (1967) stated that teachers are generally paid on the 
basis of their tenure and educational attainment regardless of 
their innovativeness. In this sense, resistance to change, or 
innovativeness, is related to tenure (Katz et al., 1978). 
On the other hand, the finding is not consistent with 
other literature. Carlson (1965) argued that early adopter of 
teachers have a short period of tenure. O'reilly et al. (1989) 
found that high role ambiguity is related to superior's short 
job tenure. Rogers (1983) argued that tenure is positively 
related to innovativeness. 
The findings of the rest of demographic variables (Past 
experience in aquaculture or any other related field, 
cosmopolitancy, year of awareness, and formal training) will 
be presented in the next few pages. 
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4.1.1.2.6 Past Experience in Aauaculture or anv 
other Related Field 
Hypothesis 2.3.1.2.6 In high school aquaculture education, 
teacher's past experiences and interest in aquaculture 
industjry or any other related field is not related to 
technological innovativeness. 
This hypothesis was supported {r=-.08; P=.348) . This 
finding is consistent with those of Sawhney et al. (1991), 
Katz et al. (1978), Rogers (1983), and El-Ghamrini et al. 
(1995) . Similar to TENURE, Past experiences in aquaculture or 
any other related field provide teachers with experiences and 
skills, but applying it in high-school maybe controlled by 
many different variables which may play positive or negative 
roles. 
House (1968) found that social influence in the work 
environment explains why experiences and training produce both 
functional and dysfunctional consequences. Nowak (1987) 
claimed that institutional inefficiency is a major reason for 
rejection, or failure of innovations. Corwin (1973), and Hall 
(1991) attributed it to the effect of economic conditions of 
an organization. Internal factors may also have some effect 
(Child et al., 1981). Hannan et al. (1984) stressed the 
importance of organizational personnel as a potential source 
of inertia. 
In addition, Carlson (1967) emphasized the importance of 
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superintendents in facilitating or impeding high school 
technological innovations. Fox et al. (1967) stated that 
collaborative efforts of school administrators, teachers, and 
outside interest groups may play a role in adopting high-
school technological innovations. 
In general, past experiences in aquaculture or any other 
related field may have positive or negative effects on high 
school aquaculture education based upon the availability kinds 
of different external and internal variables. 
4.1.1.2.7 CosmoDolitancv 
Hypothesis 2.3.1.2.7 In high school aquaculture education, 
teacher's cosmoploitancy (foreign language skill and travel 
outside the United States) is positively related to 
technological innovativeness. 
This hypothesis was supported (r=.18; P=.040). In this 
sense, high school aquaculture teacher's cosmopolitancy 
positively related to aquaculture technological 
innovativeness. Cosmopolitancy means a better chance to 
acquire better knowledge and awareness about some new 
practices. This finding is consistent with those of Rogers 
(1983), Eichholz et al. (1967), Abd-Ella et al. (1981), and 
Van den Ban (1957). Edwards (1969) found a weak significant 
relationship between cosmopolitancy and innovativeness. 
In addition, it was found that the majority of the 
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respondents (84.4%) do not have language training or speak a 
language other than English (Table 3.55). Table 3.56 showed 
that the majority of respondents (77.3%) did not travel 
outside the United States during the past five years. In this 
sense, the majority of the respondents are not considered 
cosmopolite. 
In general, cosmopolitancy is beneficial in creating an 
awareness about an innovation but this does not necessarily 
extend it to its adoption at home. 
4.1.1.2.8 Year of Awareness 
Hypothesis 2.3.1.2.8 in high school aquaculture education, 
year of teacher's awareness about aquaculture education in 
high school is not related to technological innovativeness. 
This hypothesis was supported (r=-.01; P=.919). Year of 
high school teacher's awareness about an aquaculture 
technological innovation is not related to adoption of 
aquaculture technological innovativeness. This finding is 
consistent with those of Rogers (1983), Lionberger et al. 
(1982), and Wilkening (1953). 
Awareness is the first stage of adoption in which a 
person become aware of an innovation existence. He, or she, 
can develop it to interest stage and complete the adoption 
cycle and he may stop at this stage. Awareness does not 
necessarily lead to adoption. 
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4.1.1.2.9 Formal Training 
Hypothesis 2.3.1.2.9 In high school aquaculture education, 
teacher's formal training is positively related to 
technological innovativeness. 
This hypothesis was supported (r=.19; P=.026) . Formal 
training is positively related to the adoption of aquaculture 
technological innovativeness. 
Training may add more knowledge and experiences. Hage et 
al. (1967) stated that the presence of a well-trained staff, 
in an organization, is related to a reduced need for extensive 
rules and policies. Blau (1970) pointed out that highly 
formalized organizations are highly centralized ones due to 
the availability of highly qualified personnel. Amabile 
(1988) emphasized the role of training in strengthening domain 
of creativity-relevant skills which includes appropriate 
cognitive style, implicit or explicit knowledge of heurestics 
for generating novel ideas, and conducive work style. 
El-Ghamrini et al. (1995) found a significant positive 
relationship between SKLTRAIN (skill of personnel and training 
of technician) and rural telephone company technological 
innovativeness. House (1968) found that social influence in 
the work environment explains why training produces both 
functional and dysfunctional consequences. Applying training 
skills in high schools depends on the degree to which social 
influences in the work environment are perceived as a 
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motivation to leam. 
In this study, it was found that 63.1% of the respondents 
attended formal training (Table 3.58). 48.2% of those 
training attended were workshops,or training programs, in 
aquaculture curriculirai, and 41.1% were technical aquaculture 
workshops or training programs (Table 3.59). This indicates 
that those training program were assigned mostly to provide 
technical assistance for the respondents and maybe this was a 
reason for its positive relationship with aquaculture 
technological innovativeness. 
4.1.2 High School Structure 
4.1.2.1 High school Size. Agriculture Program Size, 
and Aquaculture Program Size 
Hypothesis 2.3.2.1.1 In high school aquaculture education, 
size of high school is positively related to technological 
innovativeness. 
This hypothesis was not supported for high school 
enrollment , or SIZEl (r=-.ll; P=.188), and was not supported 
for total number of high school teachers, SIZE4, (r=-.26; 
P=.002). SIZEl (number of student enrollment) is not related 
to high school aquaculture technological innovativeness. This 
finding is consistent with that of Fliegel (1956). Fliegel 
(1956) stated that farm size and authority in farm matters are 
not significantly related to adoption. 
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SIZE4 (total number of high school teachers) is 
negatively related to aquaculture technological 
innovativeness. 
Increasing the number of high school teachers without 
enough preparation may make it worse for aquaculture education 
and may lead to high school inertia and create some different 
administrative problems. In addition, small size 
organizations, with insufficient access to resources, have to 
innovate more in order to compensate for resources (Manns et 
al., 1978). On the other side, bigger organizations, with 
sufficient access to resources, respond to adversity with 
fewer innovations than smaller ones and they tend to adopt 
unplanned or non-programmed innovations. In this sense, 
number of high school teachers is negatively related to 
innovativeness. Dewar et al. (1978) argued that growth in 
administrative departments is related to large size. 
This finding is also consistent with Hage et al. (1970), 
Hage (1980), Moch (1976), and Moch et al. (1977) who suggested 
that an innovative organization is characterized by high 
complexity (highly qualified and professional individuals) , 
low formalization, low stratification in the differential 
distribution of rewards, more emphasis on quality, low 
emphasis in the cost of production or service, and high level 
of job satisfaction. In this sense, preparing enough highly 
qualified teachers is relevant to an innovative school. On 
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the other side, increasing the number of high school teachers 
without enough technical and administrative preparation may-
lead to negative consequences irrelevant to the previously-
mentioned attributes of an innovative organization. It may 
lead to centralization of power which is negatively related to 
innovativeness (Rogers, 1983; Moch et al., 1977), non 
organizational interconnectedness which is negatively related 
to innovativeness (Hall, 1991), Formalization which is 
negatively related to innovativeness (Hage et al., 1970; Hage 
et al., 1976; Rogers, 1983). It is also possible that 
Increasing the number of high school teachers may lead to the 
domination of those teachers with higher tenure and resistance 
to innovativeness (Mort, 1967). 
This study finding is not consistent with those of Rogers 
(1983), Carlson et al. (1981), El-Ghamrini et al. (1995), Van 
den Ban (1957), Van Es et al. (1987), Child (1976), Inkson et 
al. (1985), Hage et al. (1967), Mohr (1969), and Baldridge et 
al. (1975) who found a positive significant relationship 
between organizational size and technological innovativeness. 
Hypothesis 2.3.2.1.2 In high school aquaculture education, 
size of high school agriculture program is negatively related 
to technological innovativeness. 
This hypothesis was not supported for both high school 
agriculture enrollment (r=-.01; P=.866), and number of 
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teachers in agriculture program (r=-.06; P=.464). In this 
sense, size of agriculture program is not related to the 
aquaculture technological innovativeness. 
This finding is consistent with those of Gooding et al. 
(1985), and Fliegel (1956). Fliegel (1956) stated that farm 
size and authority in farm matters are not significantly 
related to adoption. Gooding et al. (1985) argued that 
increasing organizational subunit size is negatively related 
to their performance. Manns et al. (1978) found that bigger 
departments with sufficient access to resources adopt few 
innovations than the smaller ones with insufficient resources. 
Hvpothesis 2.3.2.1.3 In high school aquaculture education, 
size of high school aquaculture program is negatively elated 
to technological innovativeness. 
This hypothesis was not supported for both high school 
aquaculture enrollment (r=-.02; P=.818), and nimiber of 
aquaculture classes taught (r=.08; P=.376). In this sense, 
size of high school aquaculture program is not related to 
the adoption of aquaculture technological innovation, indoor 
tank. This finding is consistent with those findings of 
Gooding et al. (1985), and Fliegel (1956). 
Next, the findings of high school resources (the second 
component of high school structure) will be presented. 
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4.1.2.2 High School Resources 
Hypothesis 2.3.2.2 In high school aquaculture education, 
availability of high school financial resources is positively-
related to aquaculture technological innovativeness. 
This hypothesis was supported (r=19; P=.026). 
Availability of high school resources is positively related to 
the adoption of aquaculture technological innovativeness. 
The finding is consistent with those of McKlevey (1982), 
Rogers (1983), and Van den Ban (1957), Hall (1991), Corwin 
(1973), and Cyert et al. (1963). 
Resources are the most viable elements necessary for 
organizational survival (McKlevey, 1982) . Hall (1991) claimed 
that lack of organizational resources is a big obstacle 
against organizational innovativeness. Nowak (1987) argued 
that the diffusion and economic perspectives are complementary 
rather than contradicting. 
Nadiae et al. (1988) pointed out that farmer's inability 
to mobilize additional labor results in partial adoption and 
different compromises in the performance of recommended 
practices. Wilkenning et al. (1962) held the view that 
adoption of innovation is affected by the relationship of 
resources and farmer's attitude toward resources and their use 
and not only by the amount of resources available. In this 
sense, there is an association between returns and practices 
because they contribute to the more efficient use of 
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resources. 
Fliegel (1957) foxind that net farm income, related to 
size, is positively related to adoption of new practices. 
Large farms have lower estimated soil erosion than small farms 
(Hefferman et al., 1968). 
On the opposite side Sawhney et al. (1981), El-Ghamrini 
et al. (1995) foiind that there is no relationship between 
resources and rural telephone company technological 
innovativeness. Manns et al. (1978) found a negative 
relationship between organizational resources and 
innovativeness. 
Table 3.60 indicated that the majority of respondents 
(69.5%) viewed that their schools have enough resources, and 
only 30.5% of the respondents reported that their schools did 
not have enough resources. 
4.1.3 Characteristics of High School Acruaculture 
Education 
Hypothesis 2.3.3.1 In high school aquaculture education, 
ATTRIBl and ATTRIB2 (relative advantage and compatibility) are 
positively related to technological innovativeness. 
This hypothesis was supported for ATTRIBl (r=.3 0; 
P=.001), ATTRIB2 (r=.19; P=.032). ATTRIBl is positively 
related to high school aquaculture technological 
innovativeness. ATTRIBl {(aquaculture education provides more 
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prestige or status for the high school agriculture program 
(relative advantage), fits easily into the high school 
agriculture education (compatibility), it meets the need to 
teach more science in agricultural education(compatibility), 
aquaculture education motivates students, aquaculture 
education addresses commimity development, it is interesting 
to teachers, and school administrators support teaching 
aquaculture (compatibility)} is a combination of relative 
advantage and compatibility. The finding of this hypothesis 
is consistent with that of Moon (1982). Moon (1982) found 
that perceptions of compatibility and relative advantage were 
significantly positively related to adoption of soil 
conservation practices among Iowa farmers. 
ATTRIB2 is positively related to high school aquaculture 
technological innovativeness. ATTRIB2 (it has a positive 
effect on the environment, it relates to natural 
resource/conservation, and it relates to outdoor 
recreation/sport fishing) is mainly centered on environmental, 
conservation, and naturalistic perspectives. ATTRIB2 
described the compatibility of high school aquaculture 
education with environmental, conservation, and natural 
resources perspectives. This finding is consistent with that 
of Moon (1982). 
Next, the findings related to some other attributes of 
high school aquaculture education will be discussed. 
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Hypothesis 2.3.3.2 In high school aquaculture education, 
observability, simplicity, and trialability are not related to 
technological innovativeness. 
The hypothesis supported for ATTRIB3 {r=.12; P=.152), and 
ATTRIB4 (r=.13; P=.130). ATTRIB3 (It will result in more 
students going to college/post-secondary education, it will 
result in economic development in the surrounding community, 
and aquaculture education is needed in your state) is mainly 
dominated by observability. Aquaculture education in high 
school is a very new program and the results of it has not 
appeared vigorously enough. This finding is not consistent 
with that of Rogers (1983) . Rogers (1983) mentioned that 
observability of an innovation is positively related to its 
rate of adoption. 
ATTRIB4 {it is easy to start teaching aquaculture in high 
school agriculture program (simplicity) , and it is possible to 
try out teaching aquaculture on a small scale before making a 
final decision, (trialability)} is not related to the adoption 
of high school aquaculture technological innovativeness. This 
finding is not consistent with those of Lionberger et al., 
(1982); and Rogers (1983). Rogers (1983) mentioned that 
trialability of an innovation is positively related to its 
rate of adoption and Complexity of an innovation(the opposite 
of simplicity) is negatively associated with its rate of 
adoption. 
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In explaining the findings related to simplicity, 
trialability, and observability of high school aquaculture 
education, there maybe some other variables intervening, or 
there may be a combining effect of all variables and should be 
studied. Fliegel et al. (1966), and Von Fleckenstein (1974) 
argued that there is a need to study the multidimensional 
character of adoption behavior. Miles (1967) claimed that the 
diffusion rates in educational system are slower than those 
found in industrial, or medical systems. In this sense, 
observability of high school aquaculture education, as an 
innovation, is very slow. 
4.1.4 Availabilitv of Communication Channels 
Hypothesis 2.3.4.1 In high school aquaculture education, a 
channel of coininunication used at the awareness stage by 
aquaculture teacher, is not related to aquaculture 
technological innovativeness. 
This hypothesis was supported (r=.09; P=.276). A channel 
of comiaiinication used at the awareness stage is not related to 
aquaculture technological innovativeness. This finding is 
consistent with those of Rogers (1983), and Lionberger et al. 
(1982). 
Awareness is the first stage of the adoption process. It 
is the stage where an individual hears for the first time 
about an innovation. It comes from simple surveillance of 
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information. An individual may stop at the awareness stage or 
move forward to trial, evaluation, and then he may reject it. 
In this sense, a channel of communication used at the 
awareness stage may not lead necessarily to the adoption of an 
innovation. 
Copp et al. (1958) found that neighbors and friends, 
magazines and printed extension are used in the awareness 
stage. It was found that conferences, workshops, or courses 
were the most important means of commiinication in creating 
awareness among the respondents as reported by 68.8% of the 
respondents, followed by other teachers or peers which was 
stated as the second important means by 22.7% of the 
respondents (Table 3.61). This emphasized the importance of 
interpersonal, or face-to-face, communications in creating 
awareness among high school aquaculture education teachers 
(Wilkening et al., 1962). 
Hvpothesis 2.3.4.2 In high school aquaculture education, 
COMCAl (face-to-face communication) is positively related to 
technological innovativeness. 
This hypothesis was supported for COMCAl (visit to 
aquaculture research center or university, extension service, 
professional dealers, or researchers; workshop, field day, or 
tour; posters, pamphlets, bulletins, or any other printed 
materials; and training programs, courses, conferences, or 
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symposiijins) (r=.23; P=.007). COMCAl is positively related to 
the adoption of high school aquaculture technological 
innovativeness. 
COMCAl has many different means of communication which 
may be better than few means in leading to adoption of high 
school aquaculture education. Most of these channels of 
communication in COMCAl include different means. Face-to-face 
interaction with research centers, conferences and other 
different scientific means and it is appropriate for the type 
of innovation and at the evaluation stage and trial (Copp et 
al., 1958). Peer friends, according to Copp et al. (1958), 
are more important at the adoption stage. Personal sources 
are used in most of the stages of the adoption process with 
the exception of the awareness stage (Rogers, 1958; Rogers, 
1965; Lionberger et al., 1982; Hooks et al, 1987). Mason 
(1964) stated that use of peer sources, authoritarian sources, 
and commercial sources is low at the awareness stage and then 
increases as farmers pass through other advanced stages of 
adoption process. 
From table 3.62, the majority of respondents (92.2%) 
identified workshop, field day, or tour as the first important 
or very important means of communication in adopting high 
school aquaculture education, followed by training programs, 
courses, conferences, or symposium (87.9%), then visit to 
research centers or university, extension service. 
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professionals, dealers, or researchers (85.8%), and at the 
bottom of importance were posters, pamphlets, bulletins, and 
any other printed materials (61%). 
Hypothesis 2.3.4.3 In high school aquaculture education, 
C0MCA2 is not related to technological innovativeness. 
This hypothesis was supported for C0MCA2 (mass 
media, electronic mail, and talking with friends, producers, 
or neighbors; aquaculture equipment sales personnel)(r=.15,• 
P=.074). C0MCA2 is not related to technological 
innovativeness. 
C0MCA2 is limited to talking with friends, producers, or 
neighbors; mass media; and electronic mail, or internet, or 
any other computer means. They are very few means of 
communication and mostly dominated by mass media and 
electronic mail which are important in creating awareness 
and providing additional information among high school 
teachers (Lionberger et al., 1982; Copp et al., 1958; 
Wilkening, 1965; Mason, 1964; Rogers, 1958; Rogers, 1969) . 
Mass media was ranked by the respondents as least important 
means of comitiunication in the adoption process of aquaculture 
innovations. Commercial sources are used to providing 
instructions and first knowledge (Wilkening , 1956). Table 
3.63 indicated that interpersonal communication was ranked the 
first (important or most important) by the majority of 
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respondents (85.2%) in C0MCA2, followed by mass media (58.9%), 
then electronic mail, or internet, or any other computer means 
(38.3%)-
In general, effective channels of information vary from 
practice to practice, depending upon the effort of 
communicating agencies and the appropriateness of those 
selected channels for the specific purpose (Wilkeling et al., 
1962). 
In general, this indicates that high school teachers 
viewed means of interpersonal communication, or face-to-face 
communication, as more important in the adoption process than 
mass media. This confirms those findings of Rogers (1983). 
4.1.5 Organizations Involved in Supporting High School 
Acruaculture Education 
Hvpothesis 2.3.5 In high school aquaculture education, 
organizations involved in supporting high school aquaculture 
education (ORG) are not related to technological 
innovativeness. 
This hypothesis was supported (r=.14; P=.121). 
ORG (Organizations involved in supporting high school 
aquaculture education) is not related to high school 
aquaculture technological innovativeness. 
It is possible that most of the organizations involved 
in supporting high school aquaculture education provide some 
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technical assistance. Distribution of knowledge 
and other resources by these organizations is the most 
effective way of reducing risks in dealing with new practices 
(Nowak, 1987). Corwin (1973), Manns et al. (1978), and Hannan 
et al. (1984) emphasized the role of both external and 
internal factors on organization. Domination, dependency, and 
symbiosis are the main types of relationships in 
organizational environment. Sawhney et al. (1991) and El-
Ghamrini et al. (1995) found that rural telephone companies 
has the tendency to be self reliant due to the fear of 
dominations by giant telephone companies. 
It is also possible that high schools may have the 
tendency to avoid possible domination and control created by 
those organizations, the providers of assistanship, and 
therefore, they accept limited assistance or not at all. 
Similar to small rural telephone companies, this may suggest a 
tendency of self reliance, or self-sufficiency, among high 
schools. 
Table 3.64 indicated that the majority of respondents 
(80.1%) ranked private aquaculture industry as the first 
important or very important organization, followed by the 
National Council for Agricultural Education (75.9%), then 
colleges and universities (74.5%), state department of natural 
resources (71.6%), state cooperative extension (64.6%), state 
department of agriculture (61.7%), U. S. Department of 
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Agriculture (58.2%), and finally U. S. Department of Education 
(41.2%). 
This finding shows the importance of private aquaculture 
industry in supporting high school aquaculture education and 
the previously mentioned symbiotic relationship between both 
of them. On the other hand, it is possible that all other 
organizations may participate in an effective way in the 
future. 
4.1.6 High School activities for Local Community Economic 
Development 
Hypothesis 2.3.6 In high school aquaculture education, high 
school activities for local commiinity economic development are 
positively related to technological innovativeness. 
This hypothesis was supported (r=.21; P=.015). High 
school activities for community economic development is 
positively related to high school aquaculture technological 
innovativeness. 
This finding is consistent with most of the literature 
found including those of El-Ghamrini et al. (1995), Daft et 
al. (1980), Fox et al. (1967), Baldridge et al. (1975), 
Sawhney et al. (1991), Mort (1967), Mort et al. (1941), Hage 
(1980), Bose (1961), Bigelow (1947), Ross (1958), and Wilson 
et al. (1990) . 
Sawhney et al. (1991), and El-Ghamrini et al. (1995) 
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emphasized the role of horizontal and symbiotic relationships 
between rural telephone companies and communities around them. 
Hage (1980) emphasized the importance of interest groups, such 
as local communities, as a driving environmental force of 
organizational change. 
Baldridge et al. (1975) found that environmental input 
from the community and other organizations is a major source 
of an organization's innovativeness. Fox et al. (1967) found 
that collaborative efforts of school administrators, teachers, 
and outside resource people provides more supportive for 
innovation. 
Mort et al. (1941) found higher rates of adoption of 
educational innovations in schools where the public's 
attitudes favor modem practices. 
4.1.7 Linkages with other High Schools 
Hypothesis 2.3.7 In high school aquaculture education, high 
school linkages with other high schools are not related to 
aquaculture technological innovativeness. 
This hypothesis was supported {r=.02; P=.780). Linkages 
with other high schools is not related to aquaculture 
education technological innovativeness. This finding is 
consistent with El-Ghamrini et al. (1995). Linkages among 
high schools are created to compensate deficiency in 
resources. It was found that 69.5% of the respondents stated 
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that their schools have enough resources (Table 3.60). This 
implies that most of high schools in the Central Region do not 
need linkages with other schools as a mean to compensate their 
deficiency of resources. This was confirmed by the 
distribution of responses in table 3.65. Table 3.65 indicated 
that the majority of respondents (95.7%) stated that their 
schools do not have linkages with other schools. In addition, 
it was found (Finding 4.1.5) that ORG is not related to high 
school aquaculture technological innovativeness. These all 
supported the conclusion that most of high school in the 
Central Region has the tendency to accomplish self-sufficiency 
and self-reliance. 
This finding is consistent with those of Sawhney et al. 
(1991), and El-Ghamrini et al. (1995) regarding the same 
tendency towards self reliance among small rural telephone 
companies. Corwin (1973), Manns et al. (1978), 
and Hannan et al. (1984) emphasized the role of both external 
and internal environmental factors on an organization. 
Domination, dependency, and symbiosis are the main types of 
relationships in organizational environment. In addition, 
competition for scarce resources often stimulates conflict 
between innovative and non-innovative organizations (Robey, 
1991) . 
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4.1.8 Barriers to High School Aauaculture Education 
Hypothesis 2.3.8 In high school aquaculture education, 
available barriers are negatively related to technological 
innovativeness. 
This hypothesis was not supported for LIMITl (inflexible 
state curriculum requirements, limited student interest in 
aquaculture, restrictive environmental regulations, state laws 
and regulations, and federal laws and regulations) which is 
mostly dominated by different regulations related to 
curriculum, environmental, state, and federal regulations 
{r=.04; P=.664). LIMITl is not related to aquaculture 
technological innovativeness. This finding is consistent with 
the finding 4.1.9 of this study regarding local, state, and 
federal regulations. In this study. Local, state, and federal 
regulations are not related to technological innovativeness. 
In addition, it was found that high school aquaculture 
education is compatible with environment, natural resources, 
and conservation (Finding 4.1.3). 
This hypothesis was also not supported for LIMIT2 (high 
cost of remodeling facilities for aquaculture, high cost of 
equipment to teach aquaculture, and high cost of utilities) 
which is related to cost of the innovation (r=-.07; P=.438). 
LIMIT2 is not related to aquaculture technological 
innovativeness. 
This finding is consistent with those findings of Sawhney 
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et al. (1991), El-Ghamrini et al. (1995), Hall (1991), and 
Corwin (1973) which emphasized the importance of different 
economic elements in organizational innovativeness. 
It was foiind also that this hypothesis was not supported 
for LIMIT3 (needs to take care of fish in weekends and 
holidays, possibility of fish die off, and possibility of fish 
odors in school) which is related to husbandry of fish and 
technical knowledge (r=.06; P=.504) . LIMITS is not related to 
aquaculture technological innovativeness. This finding is 
also related to the previously mentioned economic 
perspectives. This finding is consistent with those findings 
of Sawhney et al. (1991), El-Ghamrini et al. (1995), Hall 
(1991), and Corwin (1973) which emphasized the importance of 
different economic elements in organizational innovativeness. 
This hypothesis was not supported for LIMIT4 (limited 
local aquaculture industry, and limited job opportunities in 
aquaculture) (r=-.01; P=.951). LIMIT4 is not related to 
aquaculture technological innovativeness. This finding 
confirmed the finding that visibility of high school 
aquaculture education is not related to aquaculture 
technological innovativeness (Finding 4.1.3). 
In addition, this hypothesis was not supported for LIMITS 
(low teacher knowledge about aquaculture, limited high quality 
teaching materials, and limited student interest in 
aquaculture)(r=.07; P=.444) . LIMIT5 is a combination of lack 
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of student interest and deficiency in technical assistance and 
instructional materials. This finding is consistent with 
those of Blau et al. (1971), Hage et al. (1967), Kohn (1971), 
and El-Ghaitirini et al. (1995) . 
El-Ghamrini et al. (1995) found that skill of personnel 
and training of technicians in rural small telephone companies 
is positively related to technological innovativeness. Lin et 
al. (1966) stated that innovation internalization, or 
attitudinal acceptance, is the extent to which a person 
perceives an innovation as relevant and valuable to his 
situation and this may create interest. Student motivation, 
and also teacher's motivation, is an inseparable element of 
high school aquaculture education. An individual should have 
more supportive attitude towards innovation and less behavior 
inertia (Rogers, 1961) . Amabile (1988) emphasized the role of 
motivation in an innovative organization. 
Continuous training of teachers, availability of 
technical assistance, and student interest are three important 
elements in high school aquaculture education. Lord (1977) 
found a positive relationship between availability of 
technical assistance and an individual's level of commitment 
to his organization. 
Mason et al. (1980) found that incomplete knowledge, or 
lack of technical assistance, and uncertain outcomes are 
related to an individual's perception to the innovation as 
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risky. In addition, availability of high quality teaching 
material can be accrued to some economic problems or 
deficiency in resources discussed previously. 
In general, each innovation has its specific constraints 
and barriers which are not clear in our analysis due to the 
fact that aquaculture technological innovativeness is the 
surrogate sum of different innovations. 
Table 4.3 showed the respondents perception regarding 
the different constraints, or barriers, facing high school 
aquaculture education based upon their intensity as: need to 
take care of fish on weekends and holidays as the most 
critical barrier by 50.4% of the respondents, limited 
facilities to house the program (33.9% of the respondents), 
and low teacher knowledge about aquaculture (31.9% of the 
respondents) . At the bottom of the list of constraints, 
limited job opportunities in aquaculture (17% of the 
respondents), limited student interest (14.9% of the 
respondents), high cost of utilities (14.2% of the 
respondents), state laws and regulations (14.2%), inflexible 
state curriculiim requirements (9.2% of the respondents), and 
restrictive environmental regulations (7.8% of the 
respondents). This implies that need to take care of fish is 
the first critical problem, and on the opposite side, state, 
federal, curriculum, and environmental laws and regulations 
are the least critical ones as it was discussed previously. 
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Table 4.3 Ranking of different constraints facing high school 
aquaculture education based on their intensity-
Constraint Frequency Percentage 
Need to take care of fish 
on weekends or holidays 
Limited facilities to house 
the program 
Low teacher knowledge about 
aquaculture 
High cost of equipment to 
teach aquaculture 
Limited administrative 
support 
High cost of remodeling 
facilities for aquaculture 
Possibility of fish die off 
Possibility of fish odors in 
school 
Limited high quality teaching 
materials 
Limited local aquaculture 
industry 
Limited teaching assistance to 
help teachers 
Limited job opportunities in 
aquaculture 
Limited student interest in 
aquaculture 
High cost of utilities 
State laws and regulations 
Federal laws and regulations 
Inflexible state curriculum 
requirements 
Restrictive environmental 
regulations 
Number of Respondents=141 
71 50.4 
76 33.9 
45 31.9 
44 31.2 
43 30.5 
41 29.1 
41 29.1 
34 24.1 
31 22.0 
29 20.6 
29 20.6 
24 17.0 
21 14.9 
20 14.2 
20 14.2 
17 12.1 
13 9.2 
11 7.8 
4.1.9 Local. State. and Federal Laws and Regulations 
Hvpothesis 2.3.9 In high school aquaculture education, local, 
state, or federal laws and regulations are not related to 
technological innovativeness. 
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This hypothesis was supported (r=.10; P=.232) . Local, 
state, and federal regulations and laws are not related to 
high school aquaculture technological innovativeness. 
Inhibiting local, state, federal laws and regulations, as 
elements of LIMITl, were proven to be not related to high 
school aquaculture education technological innovativeness. 
Table 4.3 shows that state, federal, and environmental 
laws were identified by the respondents as the least critical 
problems. Further, the majority of respondents (83.3%) 
reported that there are no local, state, or federal 
laws/regulations that make it difficult for aquaculture 
education to succeed and prosper. 
This finding is also consistent with that of El-
Ghamrini et al. (1995) who found that federal regulations are 
not related to small rural telephone company technological 
innovativeness. El-Ghamrini et al. (1995) found that 
inhibiting state regulations are negatively related to 
technological innovativeness. 
On the other hand, in some other fields, federal 
regulations and financial support may affect technological 
innovativeness. Daft et al. (1978) found that some departments 
in the American universities do not innovate because of the 
huge federal funds they have. Also, some federal standards 
impose medical innovations on hospitals and health 
institutions (McNeil et al., 1977). Further, Hall (1981) 
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argued that govenmental policies can encourage or discourage 
organizational innovativeness based on the nature of the 
regulation itself. 
4.1.10 High School Location (State) 
Hypothesis 2.3.10 In high school aquaculture education, high 
school location (state) is not related to technological 
innovativeness. 
This hypothesis was supported (r=.ll; P=.183). High 
school location (state) is not related to aquaculture 
education technological innovativeness. 
This finding is not consistent with the notion stated by 
Baldridge et al. (1975), and Hage (1980) that interest groups 
may play a role that can lead to organizational technological 
innovativeness. It is possible that the industry is more 
interested in making financial profit more that other social 
or historical perspectives. 
4.1.11 Year of Adopting Aquaculture Education bv high school 
teachers and schools 
Hypothesis 2.3.11.1 In high school aquaculture education, 
adoption of teaching aquaculture by high school teachers is 
not related to technological innovativeness. 
This hypothesis was supported (r=.02; r=.832). Adoption 
of aquaculture education by high school teachers is not 
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related to high school aquaculture technological 
innovativeness. 
Hypothesis 2.3.11.2 In high school aquaculture education, 
adoption of aquaculture education by high school is not 
related to technological innovativeness. 
This hypothesis was supported {r=-.05; P=.460) . Adoption 
of aquaculture education by high school is not related to 
aquaculture technological innovativeness. 
Adoption of an innovation is a series of adopting 
different innovations in the field. Adoption of aquaculture 
education by a high school, or a teacher, is maybe the 
beginning of a series of adopting new practices, or 
innovations, in aquaculture. Innovativeness may become the 
independent variable, or a predictor of another dependent 
variable or consequences of innovation (Rogers, 1983; Mason et 
al., 1968). At the same time, adoption of innovations by 
individuals, or even organizations, does not go in the same 
level and speed with regard to adopters. Therefore, at the 
individual level adopter category was divided into innovators, 
early adopters, early majority, late majority, and laggards 
(Rogers, 1983), In addition, some unanticipated consequence 
may drive the state or individual to quit the innovation or 
not tracing the most advanced innovations in the field. 
Table 3.69 indicated that the respondents started 
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teaching aquaculture since 1982, and table 3.70 indicated that 
schools adopted aquaculture since 1982. 
4.2. Variables which Predict Aquaculture 
Technological Innovativeness 
The foregoing analysis has indicated one level of 
association with aquaculture technological innovativeness. 
However, in view of the fact that aquaculture technological 
innovativeness occurs as a fxinction of several variables and 
not just the independent variables, the data were subjected to 
multivariate analysis. Significant independent variables were 
associated in a step wise-fonvard regression with aquaculture 
technological innovativeness as the sole dependent variable. 
Table 4.4 shows this relationship. 
The most important predictor was found to be COMCAl 
(visit to aquaculture research center or university, extension 
service, professionals, dealers, or researchers; workshop, 
field day, or tour; posters, pamphlets, bulletins, or any 
other printed materials; and training programs, courses, 
conferences, or symposiums), or face-to-face communication 
which predicted approximately 13% of aquaculture technological 
innovativeness. The combination of SIZE4 (total nvimber of 
high school teachers), COMCAl, SCIOR (scientific orientation 
and risk acceptance), and COMDEV (high school activities for 
commiinity economic development) explained 25% of aquaculture 
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Table 4.4 Independent variables which predict aquaculture 
technological innovativeness 
Variables in the Model Overall Model Results 
Core 
Variables 
R2 Beta Sig.T R2 df F Sig.F 
SIZE4 .02 -.16 .0523 .25 4,12 9.54** .000 
COMCAl .15 .26 .0029 
SCIOR .21 .25 .0058 
COMDEV .25 .20 .0130 
**significant at .01 level 
technological innovativeness. 
Psychological and demographic attributes of high school 
teachers did not contribute much to aquaculture technological 
innovativeness. Among those psychological and demographic 
variables, only SCIOR explained 6% of aquaculture 
technological innovativeness. This emphasized the importance 
of fomal training and cosmopolitancy in creating scientific 
orientation among high school aquaculture teachers. 
From high school structure, only SI2E4 (total number of 
high school teachers) explained 2% of aquaculture 
technological innovativeness. This emphasized the importance 
of preparing highly qualified high school aquaculture 
teachers. This also emphasized the role of training in this 
concern. 
COMCAl, or face-to-face commxmication explained 13% of 
aquaculture technological innovativeness. This emphasized the 
role of interpersonal communication in diffusing aquaculture 
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innovations in high schools. 
COMDEV (high school activities for coinmunity economic 
development) explained 4% of aquaculture technological 
innovativeness. This emphasized the importance of 
establishing horizontal linkages between high schools and 
local communities around them. There is a symbiotic 
relationship between high schools and local communities around 
them and both of them should cooperate together. Both of them 
should work cooperatively to achieve their mutual benefits. 
In general, the findings of this study are consistent 
with those findings of Baldridge et al. (1975), and El-
Ghamrini et al. (1995) who emphasized the importance of 
organizational activities for local community economic 
development and organizational structure for organizational 
technological innovativeness. In addition, the findings of 
this study are consistent with those of Rogers (1983) who 
emphasized the importance of both individual's scientific 
orientation (SCIOR), and interpersonal communication (COMCAl) 
for technological innovativeness. 
The study findings emphasized the need for more research 
in this area. High school aquaculture technological 
innovativeness should be studied by using a combination of 
qualitative and quantitative methods. It also emphasized the 
need to use many different variables including social, 
economic, administrative, and technical factors. 
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CHAPTER V: SUMMARY AND CONCLUSIONS 
The main objective of the study was to identify those 
variables related to technological innovativeness in high 
school aquaculture education. Different independent variable 
groups were used. Those groups of variables used were: 
perception of leaders and demographic attributes; high school 
structure; characteristics of high school aquaculture 
attributes; linkages with other high schools; availability of 
communication channels; organizations involved in supporting 
high school aquaculture education; high school activities for 
local economic development; linkages with other high schools; 
barriers to high school aquaculture education; local, state 
and federal laws and regulations; high school location 
(state); and adoption of aquaculture education by high school 
and teacher. 
Data were collected in Fall, 1995 and Spring, 1996. In 
order to identify the populations of high school aquaculture 
teachers, three letters which included a copy of 1995 
Agricultural Education Directory were sent to the top three 
highest ranking officials responsible for agricultural 
education in each state asking them to provide the researcher 
with a list of names of high school aquaculture teachers in 
their states. In addition, those identified high school 
aquaculture teachers were asked to provide the researcher with 
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any other names of high school teachers they know. On January 
2, 1996, copies of the questionnaire were mailed to all the 
identified high school aquaculture teachers (N=450). A 
follow-up mailed questionnaire was sent to those who did not 
respond in the first roimd (N=238) . Only one hundred forty 
one were identified as high school aquaculture education 
teachers. As a consequence, it was assumed that the 
population of high school aquaculture teachers in the 
Agricultural Central Education Region was approximately 141. 
The dependent variable, high school aquaculture education 
technological innovativeness, was measured with a scale that 
STom the level of use over ten separate aquaculture education 
innovations. Those innovations were cages, ponds, raceways, 
pens, monoculture, hatcheries, integrated fish farming, 
polyculture, equipped transporting tanks, and bioengineering 
fish species. 
Factor analysis, reliability, frequency, zero-order 
correlations, and step-wise multiple regressions procedures 
were used in the analyses. It was found that the following 
independent variables are significantly related to 
innovativeness: 
(1) High school size (total number of high school 
teachers), is negatively related to aquaculture technological 
innovativeness (r=-.26; P=.002). 
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(2) Some attributes of high school aquaculture are 
significantly related to aquaculture technological 
innovativeness. These are listed below. 
ATTRIBl (aquaculture education provides more prestige or 
status for high school aquaculture program, fits easily into 
the high school agricultural education curriculiim, it meets 
the need to teach more science in agricultural education, 
aquaculture education motivates students, aquaculture 
education addresses commxmity expectations, it is interesting 
to teachers, and school administrators support teaching 
aquaculture) is positively related to aquaculture 
technological innovativeness(r=.30; P=.G01). 
ATTRIB2 (it has a positive effect on the environment, it 
relates to natural resources/conservation, and it relates to 
outdoor recreation/sport fishing) is positively related to 
aquaculture technological innovativeness (r=.19; P=.032). 
(3) high school resources is positively related to 
aquaculture technological innovativeness (r=.19; P=.026). 
(4) High school activities for local community economic 
development, COMDEV (one or more residents has started an 
aquaculture enterprise, the students in aquaculture have 
competed for awards related to aquaculture through FFA, and 
the aquaculture program has worked cooperatively with a 
commercial aquaculture producer) is positively related to 
aquaculture technological innovativeness (r=.21; P=.015). 
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(5) Some means of communication ,or COMCAl (visit to 
aquaculture research center or iiniversity, extension service, 
professionals, dealers, or researchers; workshop, field day, 
or tour; poster, pamphlets, bulletins, or any other printed 
materials; and training programs, courses, conferences, or 
symposiums) are positively related to aquaculture 
technological innovativeness (r=.23; P=.007). 
(6) Cosmopolitancy, or COSMO (foreign language skill and 
travel outside the United States) is positively related to 
aquaculture technological innovativeness (r=.18; P=.04). 
(7) Some high school attitudes towards aquaculture 
education (ATTIT2, and ATTIT4) are positively related to 
aquaculture technological innovativeness. 
ATTIT2 (training for aquaculture teachers is important, 
and availability of aquaculture teaching facilities is 
important) is positively related to aquaculture technological 
innovativeness (r=18; P=.037). 
ATTIT4 (aquaculture courses should be taught in high 
school, availability of supportive administration is important 
for aquaculture high school teaching, and high interest among 
students is important for high school teaching) is positively 
related to aquaculture technological innovativeness (r=.31; 
P=.000) . 
(8) Scientific orientation , or SCIOR (I have to keep 
trying out new scientific practices, the best way to compete 
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is to apply the latest scientific research findings, and 
accepting risk is a part of advancement in life) is positively 
related to aquaculture technological innovativeness (r=.29; 
P=.001). 
(9) Formal training attended by high school teachers 
(TRAINING) is positively related to aquaculture technological 
innovativeness (r=.19; P=.026). 
The most important predictor was found to be COMCAl (some 
means of communications) which explained 13 percent of 
aquaculture technological innovativeness. The combination of 
SIZE4 (total number of high school teachers), COMCAl, SCIOR 
(scientific orientation), and COMDEV (high school activities 
for local community development) explained 25 percent of 
aquaculture technological innovativeness. 
5.1. Limitations of the Study 
Limitations of this study can be identified as the 
following: 
(1) the dependent variable, aquaculture technological 
innovativeness, was measured as a composite score of ten 
technological innovations. As a consequence, the innovation 
process for such innovations was submerged through aggregation 
into an overall innovativeness score for each high school 
teacher. Thus, difference in the innovative process among the 
innovations were lost. This is consistent with Rogers' (1983) 
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criticism of innovation research, 
(2) This study's findings are related to the states in 
the North Central Region and may not be applicable completely 
to others states. Thus, we cannot generalize from only this 
study. More studies are needed. 
(2) The majority of high schools in the North Central 
Region adopted aquaculture since 1986 and it is considered not 
enough to have a clear picture about the results of the 
adoption and different variable contributed to it. Therefore, 
it is recommended to repeat the study again after five more 
years and to use multivariate approach, or triangulation, at 
different periods. 
(3) Despite those previously mentioned limitations of 
this study, the results confirm the findings of some other 
studies such as those of Baldridge et al. (1975), El-Ghamrini 
et al. (1995) , and Sawhney et al. (1991). This study also 
emphasized the need for studying different social and economic 
variables and their combined effects on high school 
aquaculture education. 
5.2. Recommendations 
It was found from the study that technical assistance is 
needed. Despite the fact that the respondents viewed the 
National Council for Agricultural Education as the second most 
important organization involved in supporting aquaculture 
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education, the majority did not use or did not know about most 
of the National Council for Agriculture Education 
publications in this area of aquaculture education. In this 
sense, those publications should be made available and 
communication channels should be opened for this objective. 
Perhaps the materials could be made available via the internet 
for teachers to use at no cost to them. 
It was obvious from the responses that many of the 
respondents are not familiar with some scientific concepts in 
aquaculture such as Ichthyology. This implies the need for 
intensified technical training programs in this regard. The 
National Council for Agricultural Education could sponsor 
workshops in aquaculture that would address the teaching 
materials developed and the scientific principles contained in 
the materials. Colleges, universities, extension, and 
industry could also conduct similar workshops or seminars for 
teachers. 
The majority of respondents ranked private aquaculture 
industry as the first among those organizations involved in 
supporting high school aquaculture. This implies that there 
is some symbiotic relationships between the industry and high 
schools. In this sense, this bond should be strengthened and 
supported for the mutual benefits of the two parties. Private 
industry could involve teachers in technical updates and 
industry visits to help teachers to be competent in production 
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aquaculture and the scientific principles of aquaculture. 
Industry visits and tours of facilities would also be helpful 
for teachers. 
High school activities for local community economic 
development implies the importance of mutual benefits and 
horizontal linkages between high schools and local communities 
around them. These relationships should be strengthened. 
Resources play a significant role in aquaculture 
education. As a consequence, it is important for this program 
to have adequate resources to enable it to carry out its 
mission. Realistic budgets and business plans need to be 
developed and approved before a school makes the decision to 
adopt this technology. Private industry, universities, and 
extension could assist teachers in conducting feasibility 
studies, business plans, and budgets for starting and 
maintaining aquaculture education programs. 
High school aquaculture education teachers should be 
rewarded for their cosmopolitancy and innovativeness. 
Educational innovativeness should be one of the first measures 
used in evaluating them. School administrators and state 
departments of education should develop procedures to 
recognize and reward innovative teachers who adopt new forms 
of technology, like aquaculture, with the goal of improving 
high school agricultural education programs. 
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5.3. Implications 
High school aquaculture technological innovativeness is 
characterized by small number of highly qualified, scientific 
oriented and cosmopolite teachers; effective means of 
communication emphasizing the role of face-to-face or 
interpersonal commiinication; sufficient resources; tendency to 
play an active role in local economic community development; 
some important attributes of aquaculture education that 
combine those attributes of relative advantages, compatibility 
are identified as the most important attributes that play 
important role in its adoption process. It may be that 
teachers who are innovative and resourceful in adopting 
aquaculture education are also innovative when it comes to 
other areas of agricultural science and technology. 
Unexpectedly, the number of high school teachers was 
negatively related to technological innovativeness. 
Technological innovativeness was more likely to be found in 
departments with the fewest teachers. Perhaps teachers in 
single-teacher departments have more control over the 
curriculum they teach or maybe they are forced to be more 
innovative to compensate for scarce resources. Further 
research is needed to investigate this finding. 
Since aquaculture is taught in relatively few high 
schools, and often in small department, aquaculture teachers 
need assistance in improving their knowledge and skills in 
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aquaculture. This can be achieved through technical training 
and providing enough resources for this new instructional 
program. Adopting scientific principles by high school 
aquaculture teachers may help to alleviate their uncertainty 
and allow them to accept risk, both of which are important 
individual attributes related to technological innovativeness. 
Face-to-face communication seems to be very important in 
diffusing aquaculture education from school to school. Face-
to-face communication was related to high school aquaculture 
technological innovativeness. In fact, it was more important 
than mass media. Mass media was found to be useful primarily 
for creating awareness and sometimes disseminating additional 
information in some other adoption stages. 
Relative advantages of high school aquaculture education 
and its compatibility with the environment are considered as 
important characteristics for innovativeness. Aquaculture 
education is a relatively new innovation in high schools. 
Despite the fact that the consequences of adopting high school 
aquaculture education had not been completely observed at the 
time this study was conducted, high school activities for 
local community economic development was found to be related 
to technological innovativeness. Aquaculture education could 
have an important role to play in high schools and the 
communities around them. Therefore, policy-makers should 
provide the necessary resources and monitor the quality of the 
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instinictional programs to insure their success. 
In all but a few schools across the United States, 
aquaculture education began in 1986. The United States 
Department of Agriculture made aquaculture an important 
educational issue and provided the fiinds to develop 
aquaculture education curriculiam materials to be used in high 
schools and community colleges across the country. The 
National Council for Agricultural Education received the 
contract to develop the materials and offer pedagogical and 
technical educational programs to interested agriculture and 
science teachers. This new curricular area was adopted by a 
surprising number of high school agricultural education 
teachers. This study attempted to examine some of the 
different variables that may be related to aquaculture 
education technological innovativeness using personal and 
organizational attributes and the different relationships in 
the organizational environment. Perhaps the findings of this 
study will assist teachers and policy makers as they consider 
adopting aquaculture education as a part of the high school' s 
agriculture program. 
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APPPENDIX I: QUESTIONNAIRE 
242 
AQUACULTURE EDUCATION IN CENTRAL STATES AGRICULTURE PROGRAMS 
Has aquaculture been taught in your school at any time 
during the past 5 years? Yes No 
If "yes", please continue - - If "No", please return the 
blank survey form. Thank you! 
1. Please write in vour response 
Total high school enrollment (all students) 
High school agriculture enrollment 
High school aouaculture enrollment 
Total number of high school teachers 
Number of teachers in agriculture program 
Number of aouaculture classes taught 
Number of females enrolled in aouaculture program 
Number of males enrolled in aouaculture program 
2. How important were the following factors in your 
decision to teach aquaculture? Please Circle your response 
using the following scale where: (l=Not Important; 
2=Somewhat Important; 3=Important; and 4=Very Important) 
It helps students learn more concepts than many 
other agriculture activities 
It is easy to start teaching aquaculture in high 
school agriculture programs 
It is possible to try out teaching aquaculture on 
a small scale before making a final decision 
It will result in more students going to 
college/post-secondary education. 
It will result in economic development in the 
surroxinding community 
Aquaculture education provides more prestige or 
status for the high school agriculture program 
Fits easily into the high school agricultural 
education curriculum 
Aquaculture education is needed in your state 
It meets the need to teach more science in 
agricultural education 
Aquaculture education motivates students 
Aquaculture education addresses community 
expectations 
It is interesting to teachers 
It has a positive effect on the environment 
It relates to natural resources/conservation 
It relates to outdoor recreation/sport fishing 
There are teaching materials easily available 
School administrators support teaching aquaculture 
Other(s) 
NI VI 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
1 2 3 4 
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3. Please write in vour response 
Year you first heard about aquaculture being taught in 
high school agriculture programs 
Year aquaculture was first taught in your school 
Year you started teaching aquaculture 
4. From your experience, how important are the following 
possible barriers to implementing an aquaculture education 
program? Please circle your response using the following 
scale where: (l=Not Important; 2=Somewhat Important; 
3=Important; and 4=Very Important) 
NI VI 
12 3 4 Limited administrative support 
12 3 4 Limited facilities to house the program 
12 3 4 Low teacher knowledge about aquaculture 
12 3 4 Limited high quality teaching materials 
1 2 3 4 Inflexible state curriculiam requirements 
12 3 4 Limited local aquaculture industry 
1 2 3 4 Limited job opportianities in aquaculture 
12 3 4 High cost of remodeling facilities for aquaculture 
1 2 3 4 High cost of equipment to teach aquaculture 
12 3 4 High cost of utilities (water, electricity) 
12 3 4 Limited student interest in aquaculture 
12 3 4 Restrictive environmental regulations 
12 3 4 Limited technical assistance to help teacher 
1 2 3 4 Need to take care of fish on weekends and holidays 
12 3 4 Possibility of fish die off 
12 3 4 Possibility of fish odors in school 
12 3 4 State laws and regulations 
12 3 4 Federal laws and regulations 
12 3 4 Other(s) 
Are there local, state, or federal regulations/laws which 
make it difficult for aquaculture education to expand? Y N 
If yes, what are these regulations? 
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5. How did vou first learn about high school acniaculture? 
(please put "X" in front of your response) 
At a conference, workshop, or a course 
From other teachers or peers 
From a visit to extension service, research center, or 
a \iniversity 
From an aquaculture producer or supplier 
From a magazine or any other printed materials 
From mass media (TV, radio, etc) 
Other. Please specify 
6. Does your school have sufficient resources to support an 
aquaculture teaching program? (Choose one of the responses) 
Yes No 
From the following sources, what are the approximate 
percentages which make up the resources to teach 
aquaculture? (Please write in) 
Local education agency budget 
F^rom sales of aquaculture products 
Grants from state/federal government 
D^onations/grants from individuals or 
organizations 
L^oans 
Total = 100% 
What percentage of the resources available for your high 
school agriculture program is used to teach aouaculture? 
(Please write in) 
Approximate annual expenditure to teach aquaculture? 
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7. Does your school have any linkages, arrangements, or 
agreements with other school districts to teach aquaculture 
to their students? (please circle your response) Yes No 
If Yes, what are these linkages, arrangements, or 
agreements? 
l=Share teachers (teacher travels) 
2=Share facility at one school (students travel) 
In what way are these linkages beneficial to your 
aquaculture program? Please write in vour response: 
8. As a result of teaching a<^ aculture in your school 
district, which of the following activities have you 
observed? (Please circle "Y" for yes or "N" for no) 
Y N There is increasing awareness among students in 
the school district about aquaculture 
Y N There is increasing awareness among residents of 
the school district about aquaculture 
Y N One or more residents has made inquiries about 
establishing an aquaculture enterprise 
Y N One or more residents has started an 
aquaculture enterprise 
Y N Aquaculture products from the school have been 
used by businesses or residents of the community 
Y N One or more aquaculture producers has sought 
advice from the school's instructor 
Y N One or more open houses/field days has been held 
for residents 
Y N Tours to school aquaculture facilities have been 
given to young school children 
Y N The students in aquaculture have competed for 
awards related to aquaculture through FFA 
Y N The aquaculture program has worked cooperatively 
with a commercial aquaculture producer 
Y N Other community activities (please specify) 
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9. Your experiences and interests: 
Employment experience in aguaculture Y N 
Interested in natural resources/conservation Y N 
Interested in sport fishing Y N 
Taken classes in aguaculture Y N 
Teach natural resources in ag. program Y N 
10. In a scale from 1 to 4, please indicate your opinion 
about the importance of different sources of aguaculture 
information sources in the present time and in the future. 
Please circle your response according to the scale where: 
(l=Not Important; 2=Somewhat Important; 3=Important; and 
4=Very Important) 
NI VI 
1 2 3 4 Mass media (Newspapers, Magazines, TV, Radio) 
1 2 3 4 Electronic mail (e-mail), or internet, or any 
other computer means 
1 2 3 4 Talking with friends, or producers, or neighbors 
1 2 3 4 A(^ aculture eguipment sales personnel 
1 2 3 4 Visit to aguaculture research center or 
university, extension service, professionals, 
dealers, or researchers 
1 2 3 4 Workshop, field day, or tour 
12 3 4 Posters, pamphlets, bulletins, or any other 
printed materials 
12 3 4 Training programs, courses, conferences, or 
symposiums 
12 3 4 Others (please specify) 
11. How important are the following instructional units for 
a high guality instructional program in aguaculture. Circle 
your response according to the scale where: l=Not 
Important; 2=Somewhat Important; 3=Important; and 4=Ve2:y 
Important 
N1 VI 
1 2 3 4 Aguaculture Management 
12 3 4 Fish Genetics 
12 3 4 Pond Construction 
12 3 4 Ichthyology 
12 3 4 Fish Hatcheries 
12 3 4 Water Quality 
12 3 4 Fish Diseases 
12 3 4 Marketing 
12 3 4 Fish Ecology 
12 3 4 Fish Nutrition 
12 3 4 Aguaculture Economics 
12 3 4 Fish Biology 
12 3 4 Aguatic Weeds 
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12. International Contacts 
Do you have any foreign language training or speak a 
language other than English?(Please circle your response) 
Yes (please specify language) No 
During the past five years, have you traveled outside 
the United State? (please circle your response) 
Yes (Please specify country (ies)) No 
13. Have you used any of the following publications from 
the National Council for Agricultural Education in teaching 
aquaculture? using the following scale please give your 
evaluation of those publications where: N=Not Used; l=Not 
effective; 2=Soinewhat effective; 3=effective; and 4=Very 
effective 
NE SE E VE 
Producing Catfish N 1 2 3 4 
Yellow Perch N 1 2 3 4 
Carp N 1 2 3 4 
Tilapia N 1 2 3 4 
Walleye N 1 2 3 4 
Ornamental/Tropical Aquaculture N 1 2 3 4 
Sturgeon N 1 2 3 4 
Red Drtun N 1 2 3 4 
Salmon N 1 2 3 4 
Crawfish Farming N 1 2 3 4 
Trout N 1 2 3 4 
Shellfish Culture N 1 2 3 4 
Saltwater Shrimp N 1 2 3 4 
Plant Aquaculture N 1 2 3 4 
Baitfish N 1 2 3 4 
Striped Bass N 1 2 3 4 
Model Aquaculture Recirculation N 1 2 3 4 
System 
Discovering the Origins and N 1 2 3 4 
Opportunities in Aquaculture 
(Module I) 
Discovering Plants and N 1 2 3 4 
Animals in Aquaculture 
(Module II) 
Using Water (Module III) N 1 2 3 4 
Farming in Water (Module IV) N 1 2 3 4 
Planning and Managing an N 1 2 3 4 
Aquabusiness (Module V) 
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14. Please circle your highest level of education completed 
1 = Bachelor's Degree 
2 = Master's Degree 
3 = Doctor's Degree 
15. Please write the number 
Total years teaching experience 
Number of years teaching agriculture 
Nimiber of years teaching acaiaculture 
Number of years teaching in vour present school. 
16. Here, you will find some statements related to 
aquaculture and we would like to know to what extent you 
agree or disagree with the following statements. Please use 
the following scale and circle your response where: 
l=Strongly Disagree; 2=Disagree; 3= Undecided; 4=Agree; and 
5=Strongly Agree 
SC U SA. 
1 2 3 4 5 Aquaculture is a form of agriculture 
1 2 3 4 5 The world's waters are being over-fished 
1 2 3 4 5 The world's aquaculture industry will 
continue to grow 
1 2 3 4 5 There will be more job opportunities in 
aquaculture in the future 
1 2 3 4 5 Environmental restrictions will not limit the 
aquaculture industry 
1 2 3 4 5 Availability of highly qualified aquaculture 
high school teachers is important. 
1 2 3 4 5 The high school aquaculture teaching program is 
overall effective 
12 3 4 5 Aquaculture courses should be taught in high 
school 
12 3 4 5 Aquaculture courses should emphasize 
applications more than theories 
12 3 4 5 Training for aquaculture teachers is 
important 
12 3 4 5 Availability of aquaculture teaching 
facilities is important 
1 2 3 4 5 Availability of supportive administration is 
important for aquaculture high school 
teaching 
1 2 3 4 5 High interest among student is important for 
aquaculture high school teaching 
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17. Using the scale where: l=Strongly Disagree; 
2=Disagree; 3=Undecided ; 4=Agree; and 5=Strongly Agree. 
Please indicate to what extent you agree, or disagree, with 
the following statements: 
SD n SA 
1 2 3 4 5 I have to keep trying out new scientific 
practices 
1 2 3 4 5 The best way to compete is to apply the 
latest scientific research findings 
1 2 3 4 5 Accepting risk is a part of advancement in 
life 
1 2 3 4 5 I am usually able to protect my own 
personal interest 
1 2 3 4 5 To a reasonable degree, I can pretty much 
determine what is happening in my life 
18. To what extent do you feel the following are important 
contributors to assisting schools in starting and 
maintaining an aquaculture program (please circle your 
response using the scale where: l=Not Important; 
2=Somewhat Important; 3=Important; and 4=Very Important 
NI VI 
12 3 4 Colleges and Universities 
12 3 4 State Cooperative Extension 
1 2 3 4 State Department of Agriculture 
12 3 4 State Department of Natural Resources 
12 3 4 State Department of Education 
12 3 4 Private Aquaculture Industry 
12 3 4 U.S. Dept. of Agriculture 
12 3 4 U.S. Dept. of Education 
1 2 3 4 National Council for Agricultural Education 
19. Have you had attended any formal training programs: 
Yes No 
What are those training programs you attended (please 
choose maximviin three choices) : 
1 = Technical aquaculture workshop (s), or 
training program(s) 
2 = University course(s) in aquaculture 
3 = Symposiiam(s) about aquaculture teaching 
4 = Training program(s) in aquaculture management 
5 = Training program(s) in aquacultural teaching 
methodology 
6 = Workshop (s) , or training program (s) , in 
aquaculture curriculum. 
7 = Others (Please Specify) 
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20. In the next five years, Do you expect: 
The nxomber of aquaculture classes taught in your school 
will: 
l=Increase 
2=Remain the same 
3=Decrease 
The number of students in your school aquaculture program 
will: 
l=Increase 
2=Remain the same 
3=Decrease 
21. State in which you are teaching now 
22. Y^our present age in years 
23. How important are the following technologies for your 
aquaculture program? Rate their importance using the scale 
where: N=Not Used; l=Not Important; 2=Somewhat Important; 
3=Important; and 4=Very Important 
HI VI 
Aerator N 1 2 3 4 
Automatic Feeder N 1 2 3 4 
Water quality kit N 1 2 3 4 
Indoor tanks N 1 2 3 4 
Cages N 1 2 3 4 
Fish Ponds N 1 2 3 4 
Raceways N 1 2 3 4 
Recirculatory System N 1 2 3 4 
Aquarium/Aquaria N 1 2 3 4 
Fish Pens N 1 2 3 4 
Monoculture N 1 2 3 4 
Fish Hatcheries N 1 2 3 4 
Integrated Fish Farms N 1 2 3 4 
Polyculture N 1 2 3 4 
Feeding pellets N 1 2 3 4 
Green houses N 1 2 3 4 
Equipped Transporting N 1 2 3 4 
tanks 
Exotic fish N 1 2 3 4 
Bioengineering fish N 1 2 3 4 
species 
National Council for N 1 2 3 4 
Agricultural Education' 
Manuals 
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24. Indicate your membership and/or leadership in the 
following organizational categories 
Organization Officer (past or present) 
Teaching Organizations Y N 
Agricultural Organizations Y N 
Aquaculture Organizations 
List: Y N 
Y N 
Civic Organizations 
List: Y N 
Y N 
25. Please indicate your gender: Female Hale 
YOUR COMMENTS 
In vour own words, what will be the greatest contributing 
factors to the success of aouaculture teaching project in 
the next five years. 
Other Comments: 
Please return to: Dr. W. Miller 
004 Curtiss Hall - ISU, Ames, lA 50011 
THANK YOU FOR YOUR COOPERATION 
# 
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APPENDIX II: APPROVAL FROM HUMAN SUBJECT COMMITTEE 
Lasr .Name of ?r-incioa'i  Investigator ^iier 
Checklist for Attachments and Time Schedule 
The following are attached (please check): 253 
12. r^/dAXicr or whaen statement to subjects indicating clearly: 
a) purpose of the research 
b) the use of any identuier codes (names, rf's), how they will be used, and when they will be 
removed (see Item 17} 
c) an estunate of time needed for panidpation in the research and the place 
d) ifappiicable.locadon of the research activity 
e) how you will ensure confidentiality 
f) in a longitudinal study. nOte when and how you will contact subjects later 
g) parscipation is voluntary; nonparticipation will not affect evaiuations of the subject 
13.G Consent fonn (if applicable) 
14. Q Letter of approval for research from cooperating organizations or insdmuons (if applicable) 
15.:3cD3ca-gathering instruments 
16. .Ajidcipated dates for contact with subjects:" " 
First Contact Last Contact 
January Z, 1996 ^ Mav 15. 1996 
MonA / Day / Year .Viontn / Day / Year 
17. If applicable: anticipated date that identiiiers will be removed &om completed survey instruments and/or audio or vistial 
tapes will be erased: 
May 30, 1996 
.Monch / Day / Year 
IS. Signature of DepaqmeptalExecudve Officer Date Depanincnt or Adminisindve Unit 
12/05/96 Agricultural aducacion & Studies 
19. Decision of the University Human Subjects Review Committee: 
.^^Project Approved Project Not Approved No Action Required 
P a t r i c i a  M. Keith 
Date S i^ture of Commuiee Chairperson Name of Committee Chairperson gnatur b
GC:1/90 
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APPENDIX III: ATTACHED LETTERS TO THE QUESTIONNAIRE 
IOWA STATE UNIVERSITY' 
O F  b C I E N C E  A N D  T E C H N O L O G Y  
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.i c.ur!i>^  Hjil 
u-'W-i 3.<.M 
SI5 
FAX 515 ;oa-ioi-
Daie; November 15, 1995 
To: 
From: W. Wade Miller 
Professor 
Re: Identification of Aquaculture Education Programs in the 
North Central Region 
In the past few years a number of high schools have added aquaculture education to their agriculture 
programs. No large scale effort has been made to document the types and numbers of programs, goals and 
objectives of the programs, types of aquaculture production systems used, or other important facts 
concerning aquaculture education in the midwest. I am planning a survey of the high school agriculture 
programs in the North Central Region that teach aquaculture as a part of their curriculum. 
I will compile the information collected from the teachers imo an informational document that will be 
useful to teachers in aquaculture education. They will be able to use the document as a resource guide for 
aquaculture education and to network with other teachers who are interested in the subject. The document 
will also be useful for teachers contemplating adding aquaculture education to their curriculum. 
It is difficult to determine the teachers in each state who teach aquaculture. Would you consent in helping 
me by identifying schools you think may be teaching aquaculture? I will contact the teachers at the 
schools and determine if they would like to participate in the survey. If yt)u can help in this way. please 
mark the schools on the enclosed list from the Agricultural Educators Directory - 1995 and send it back 
to me. A stamped, self-addressed envelope is enclosed for your use. Thank you in advance for your help. 
Plexse let us know if you would like a copy of the study when it is completed. 
lowA STATE UNIVERSITY 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
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Date: January 2,1996 
To: Selected Agriculture Instructors in the Central Region 
From: W. Wade Miller 
Professor 
Re: Aquaculture Programs 
The leaching of aquaculture in high school programs is a recent phenomena. There has been a 
large increase in the number of high schools nation-wide which offer aquaculture as a pan of the 
agriculture program in the school. Additional teachers and .schools are considering adding 
aquaculture to their curriculum. 
As you may know, I was involved in writing much of the curriculum materials for this new-
instructional program and worked with teachers who have made the decision to teach 
aquaculture. There is much interest in learning why and how teachers are adopting this new-
instructional program I am conducting a survey study of the teachers in the Central Region to 
determine how they made the decision to adopt this new instructional program, to examine the 
barriers to adoption, and to determine their perceptions of aquaculture and the aquaculture 
industry. 
Would you help me in this effort by filling out and returning the enclosed questionnaire? I asked 
personnel in your state department of education and your state university to identify the teachers 
that may be teaching aquaculture or interested in teaching aquaculture and they included your 
name on the list. If you are interested in this subject. I would appreciate your input. The results 
will be shared with teachers and administrators who are making the decision on whether or not to 
adopt aquaculture as a part of their high school aquaculture program. If you would like a 
summary of the results, please indicate this on the questionnaire. 
The information you provide will remain confidential; only group data will be reported no 
information will be given out that would identify you or your school. There is a three-digit 
number on the form. This code number identifies your school and is used only to identify the 
respondents. The code number is important because we do no want to bother respondents with 
follow-up requests. If you do not want to participate in the study, please return the blank 
questionnaire in the enclosed envelope and I will not send you any follow-up requests. 
4 l_uriis> Hali 
Amcb. Iowa 50011 • 1050 
515 8b; 
FAX 515 204-10^4 
The information you provide will be u.seful to the profession; I urge your participation in this 
endeavor. Thank you. 
IOWA STATE UNIVERSM' 
O F  S C I E N C E  A N D  T E C H N O L O G Y  4 Curtiss Mall 
Ames. Iowa 50011-1050 
515 
FAX 515 204-1024 
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Date: January 25, 1995 
To: Selected Agriculture Instructors in the Central Region 
From: W. Wade Miller 
Professor 
ir ' 
Re: Follow-Up of Aquaculture Programs 
I sent a request to you about one month ago asking if you teach aquaculture in your school and if 
you would be willing to fill out a survey form about your program. As of this date, I have not 
received a reply from you. I know you must be busy, but your opinions are valuable to me so I 
am writing to you again. 
As you may know, I was involved in writing much of the curriculum materials for this new 
instructional program and worked with teachers who have made the decision to teach 
aquaculture. There is much interest in learning why and how teachers are adopting this new 
instructional program. I am conducting a survey study of the teachers in the Central Region to 
determine how they made the decision to adopt this new instructional program, to examine the 
barriers to adoption, and to determine their perceptions of aquaculture and the aquaculture 
industry. 
Would you help me in this efFon by filling out and returning the enclosed questionnaire? If you are 
interested in this subject. I would appreciate your response. The results will be shared with 
teachers and administrators who are making the decision on whether or not to adopt aquaculture 
as a part of their high school aquaculture program If you would like a summary of the results, 
please indicate this on the questionnaire 
The information you provide will remain confidential, only group data will be reported no 
information will be given out that would identify you or your school. There is a three-digit 
number on the form. This code number identifies your school and is used only to identify the 
respondents. The code number is important because we do no want to bother respondents with 
follow-up requests. If you do not want to panicipatc in the study, please return the blank 
questionnaire in the enclosed envelope and I will not send you any follow-up requests. 
The information you provide will be usefiil to the profession; I urge your participation in this 
endeavor. Please return the survey by February 15 to be included in the results. Thank you 
